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OflITUAEY NOTICES OF DECEASED FELLOWS. 


Dr Bicbard Bright rim the third son of Mr Bichard Brighl;i 
an emment merchant of Bnetoh and commenced hia educaUou at a 
private school m the neighbourhood of that city. He subsequently 
was placed with the late Dr Carpenter of Exeter In the autumn of 
180d| he matriculated at the University of Edinburgh, and attended 
the general lectures dehvered at that celebrated school, but it was 
not until the following year that he entered upon the studies more 
immediately connected with the medical profession. 

In the summer of 1810 he accepted an iitritation to accompany 
Sir Oeoige Stuart Mackenzie and Mr (now Sir Henry) Holland to 
Iceland, and the departments of Botany and Natuial History m * The 
Travels in Iceland,’ subsequently published by Sir George Mackenzie, 
were written by Dr Bright On his return from Iceland he studied 
at Guy’s Hospital for two years, and it was here that he acquired a 
taste for pathological investigations ITc returned to Edinburgh 
in 1812, and graduated at that University lu the following year. He 
intended likewise to take a degree at Cambridge, and entered as an 
undergraduate at Peterhouse, but he kept only two terms, finding the 
college requirements as to residence incompatible with his profes¬ 
sional pursuits He then became a pupil, as he was subsequently a 
colleague, of Dr. Bateman at the Carey*Btreet Dispensary, and ac¬ 
quired a knowledge of cutaneous diseases under that distinguished 
disciple of Wilian. 

When the Continent was opened to travellers by the general peace 
of 1814, Dr. Bright visited Holland and Belgium, and spent some 
months at Berlin, where he attended the practice of Horn and of 
Hufeland, and made the acquaintance of Klaproth, Budolphi, and 
Hmm, during hts residence at the Prussian capital, he acquired a 
thorough knowledge of the German language. From Berlin he went 
to Dresden for a short time, and arrived before the close of the year 
at Yicnnn, where he attended the practice of Hildebrand, Bus^ and 
Beer, and became acquainted with Baron Jacquin, Prochaska, and 
the elder Frank. From Vienna be proceeded in the apring of 1815 
to Hungary, and, on hia way home, passed through Brussels about 
a fortniglu after the batUe of Waterloo, availing himself of the 
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occasion to vitness tbe medical and surgical practice among the sick 
and woondedi His * Trarels in Hangarj/ published in the year 
1818, had reference to this period, and were deservedly popular His 
■Mottdt of the gipsies in that country was especially interesting \ and 
his fketebfs^ from which all tbe plates in that work are copied, 
ihowid his artistic skill to great advantage. 

In Deoember 1816 he was admitted a Licentiate of the College of 
^iPfayidoiani, and was soon after elected Assistant Physician to the 
I^Uidon Fever Hospital. In the sealous discharge of his duties therci 
he contracted fever during a severe epidemic, and narrowly escaped 
with faifl life. In the autumn of 1616 he again set out on a visit 
to the Continent, aud soon after his return to England, in 1620, 
commenced practice as a physician in London. From this time he 
concentrated the whole of his public duties on 6uy*s Hospitali of 
which he became Assistant Physician, holding that appointment until 
1824, when he succeeded to the office of Physician. Ills devotiofi to 
the duties of his profession, and to pathology m particular, through¬ 
out the period of lus connexiou with Guy’s Hospital, was most tt* 
markable. During many years he spent at least six hours a day in 
that great practical school, and his indefatigable industry aud un¬ 
rivalled tdent for observation then laid the foundation for his well- 
known discoveries in renal disease. 

After giving lectures on medical botany, Dr. Bright, in 1824, began 
to lecture on the theory and practice of medicine, and after some 
years associated Dr» Addison with him in that duty. He also, in 
conjunction with that gentleman, projected a work iuiended as a 
dus-book and entitled 'Elements of the Practice of Medicine* 
Only one volume was published, which appeared in 1889, and Is 
understood to have been chiefly the composition of his coadjutor* 
Dr^ Bright resigned the post of Physician at Guy’s Hospital in the 
year 16434 and on his retirement was complimented by the Governors 
with the honorary title of Consultuig Fhysidan. 

In 1832 he was elected a Fellow of the Boysl College of FhysU 
aans, and in the following year delivered the Golstoniau Let* 
tores, the subject being ” The Punotions of the Abdominal Viscera, 
withObst^atious on the Diagnostic Marks of the Diseases to whioh 
the Viscera are subjeet.” In 1837 he dehvered the Lumldaa Lee« 
Uttes at theCoUegs, and he chose for his subject the disorden of 



the brain. Ue Bubieqnentlfpreiented the College with a deecriptiTe 
account of the pathological collection of Dr. Matthew Bullie. He 
became a Fellow of the Royal Society m 1821, and at a BubBeqnent 
period received the Monthyon Medal from the Institute of France. 

Although Dr Bnght had occasionally sufibred from illness fiir 
several years^ the final and fatal attack—which was found to have 
depended on an extensive ossification of the aortic valves—^was of 
short duration lie first became seriously ill on the 11th of Deceiil*^ 
her, 1858| and on the Hth, at midnight, breathed his last. 

Dr Bnght’s contriliutious to medical science are both numerotn 
and important Ills ' Reports of Medical Coses/ contained in two 
royal quarto volumes, published in 1827 and 1831, embrace mvesti<« 
gations on diseases of the kidney, the lungs, and the brain and 
nervous system, and on the pathology of fever The plates of this 
great work are nil coloured, they were executed under the author's 
immediate superintendence, and arc exquisite samples of the peculiar 
art of representing faithfully and without exaggeration the morbid 
appearance of tissues and organs 

This celebrated work, rich as it is in the fruits of sagacious and 
untiring research, by no means coinprebends the whole of Dr« 
Bnght’s published contnbutious to medical science The volumes of 
the * Mcdico-Chirurgical Transuctious,’ from the 14th to the 22nd 
inclusive (1828—1830), contain various papers from hu pen; and 
to the * Guy*s Hospital Reports/ from their commencement in 1830 
up to 1843, the date of Dr. Bright’s rcliremcnt from the Hospital, 
he coutnbuted no less than sixteen important memoirs. In the eighth 
volume there is a paper “ On Patients with Albuminous Urine/* th0 
joint production of Drs. Bnght, Barlow, and Rees, in the prefiwe to 
which (wntten by Dr Bnght) he thus calb attention to an important 
innovation in cluneal study x —The few following pages will be found 
to contain the record of the first attempt which, as far as I know, has 
yet been made in tlus country to turn the ample resources of an 
hospital to the investigation of a particular disease, by bringing the 
padents labouring under it iuto one ward prop^ly arrai^d tot 
observation/* 

Such were the numerous and varied contributions to genehd 
knowledge and to medical science made by Dr. Bright. No phy- 
Meum of the present day has, in our coutiti*y, surpassed, perhiqpl 
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none bas equalled him, in the extent of his original researches m 
pathology, and although his fame as a discoverer is founded chiefly 
on his researches into the pathology of renal disease m connexion 
vnth dropsy, his minute and unweaned investigation into the mor¬ 
bid anatomy of the kidney, and his detection of the albuminous state 
of the urme as pathognomonic of disease of that organ, yet a perusal 
of his writiugs abiiudauUy convinces us that be brought the same 
sagacity and industry to btar upon many other problems in patho¬ 
logy and practical medicuie Ills labours m tins country, as those 
of Andral and Louis lu France, of IluPeland, the two Franks, and 
others in Germany, and Abercrombie in Ediuburgh, contributed 
greatly to establish a more practical mode of investigation than had 
previously prevailed—a more direct attention to the connexion 
between the symptoms during hte and the post-mortem appearances 
—a more constant and extensive application of animal chemistry and 
of the powers of the microscope to the elucidation of morbid conditionSi 
Kegardless of systems, a maxim laid down by him in early life, m tlie 
preface to his * Travels m Hungary,* as applicable to the traveller, 
acems to have guided him throughout his distinguished career 

correct observation,” says he, ** and faithful statement are the 
cardinal virtues on which lus character must depend ” 

William John Broderip, E$q«, was the son of an eminent 
medical practitioner lu the city of Bnstnl, where he was born on the 
21st of November, 1789. Having received a sound training in 
classical knowledge at a provincial seminary, he proceeded m due 
time to Oxford, where be entered as a student at Oriel CJollege At 
Oxford he made the acquaintance of Dr Buckland, who at that time 
(1809) was Fellow and Tutor of Corpus Chnsti College, hut had as 
yet scarcely turned Ins mind to that study lu which he afterwards 
became so distinguished. Young Brodenp, on the other hand, 
earned with him to the University a considerable knowledge of 
Natural History, and especially of Concbology, with which he had 
ftom his earliest years been more or less familiar through means of 
a collection belougmg to his father. Such as it was, the zoological 
acquirement of the student became of service to the future Professor, 
who in after-years of well-earued fame, was happy to acknowledge 
that he got his first pmctical lesson on fosnl uh»\l^ and gathered 
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what became the nucleua of bis own fossil cabinet, in a walk to Shot- 
over Hill with his }ouug friend Mr Brodenp 
After taking his degree of 15 A , Mr Brodenp became a diligent 
student of the law at the Inner Temple lie was called to the Bar 
m 1817} and in 1822 was appointed a police magistrate, m which 
office he continued till 1650 In the latter penod of his career ho 
was elected *• Bencher” and Treasurer” of Gray’s Inn, and to 
him was confided the especial charge of the library of that Society 
Amidst his arduous duties as a magistrate, Mr Brodenp found 
time to renew Ins zoological studies, and to begin the formation of a 
conchological cabinet, which soon grew into first-rate importancei 
and became an object of special interest to foreign naturalists visiting 
London, who seldom failed to profit by Mr Brodenp’s readiness to 
open It freely to their inspection This collection was purchased for 
the British Museum. 

Mr. Brodenp was elected Fellow of the Lmuenn Society in 1824, 
of the Geological Society in 1825, and of the Royal Society in 1826. 
He was a zealous cooperator in the formation of the Zoological 
Society, of which he was one of the ongmal Fellows and Members 
of Council lie was Secretary of the Geological Society, conjointly 
with Sir B Murchison, till the jear 1830 llis death took place on 
the 27th of February, 1859, from an attack of serous apoplexy. 

These particulars of Mr Brodenp’s personal liistory have been 
abridged from a brief memoir of him by one of his most distinguished 
friends*, who knew him well, and the following account of Mr. 
Broderip's scientific labours is borrowed entire from the same source. 

*^To the • Transactions of the Geological Society ’ (2nd senes, vol. 
V. p. 171), Mr. Brodenp contributed a paper “On some Fossil 
Crustacea and Eadiata found at Lyme Regis m Dorsetshire ” lIis 
descnption of “ The Jaw of a Fossil Mammiferous Animal found 
m the Stoncsficld Slate ” is published in the tliird volume of the 

* Zoological Journal ’ To the same periodical Mr Brodenp com¬ 
municated “ Observations upon the Vohox ghhaior^' “ On the 
Manners of a live Toucan exhibited in this country,” “ On the 
Utility of preserving Pacts relative to the Habits of Animals, with 
additions to two Memoirs in * White’s Natural History of Selborne,’ ” 

* On the mode in which the Boa Constrictor takes its Prey/^ “ On 

* Piofi Owen in the Obitiury Notieet of the Lmnesa Society, 16&9. 
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the Habits and Structure of Fagun and other Crustacea/' a Notice 
on the Mu 9 meesortas/’ together with several valuable conchological 
articles* The chief bulk of Mr Brodenp's original writings on 
Malacology was consigned to the ' Proceedings * and ' Transactions ’ 
of the Zoological Society I may refer to tlie Indexes of those col¬ 
lections and publications, and to the * Bibhographia Zoologiee et 
Ge^oglse/ published by the Ray Society, for the titles of thew 
numerous and valuable memoirs 

** Few naturalists have more closely observed—none perhaps have 
more graphically and pleasingly described—the habits of animals. 
Mr Bioderip’s ' Account of the Manners of a tame Beaver/ one 
of the pets that tenanted his chambers, published in the work en¬ 
titled * The Gardens and Menagcnc of the Zoological Society’ (vql. i, 
p 167)i affords a favourable example of his tact as an observer and 
power as a writer Had circumstances permitted, he would have 
been a Field Naturalist second only to Gilbert White. When his 
fliend Professor Owen became, through Royal favour, the tenant of 
one of the lodges in Richmond Park, Brodenp would spend there 
much time in close observation of zoological phenomena afforded by 
the garden and the wooded vicinity of Sheen Gate A note an¬ 
nouncing the commencement of nidification in the adjacent rookery, 
or the arrival of a migratory song-bird, would immcduitely bring the 
retired Pobce Magistrate to Richmond Pork. Many references to 
&cts so observed are made in those delightful combinations of pro- 
fbund and quaint learning with direi t and close observation of nature 
which were contributed by Brodenp to the * New Monthly Maga-f 
sme’ and to * Frazer's Magazine,’ and which ho afterwards collected 
and repnnted in the volumes entitled * Zoological Recreations * (8vo, 
1847), and ‘Leavesffrom the Note-book of a Naturalist* (8va, 
1851). 

Mr. Brodcrip was ever ready to aid a brotlier Naturalist, His coL 
lections, his rare zoological library, his pure classical taste and ^aned 
accomplishments, made the assistance be was able to give most valu¬ 
able. We find it freely acknowledged m the early editions of Sir 
C. Lyell’s * Principles of Geology,’ in the ‘ British Fishes ’ of Yarreli, 
in the *Silanan System* of Murclnsdn, and the ’Bridgewater 
Treatise* of Buckland. Brodenp communicated a most valuable 

Table M the Situations and Depths at which recent Genera of 
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Mtnoa Aud Estuary Shells have beau obscrred/ to the Appendix of 
De la Dechc'B ‘ llcsearcbeB in Theoretical Geology/ and| m coni* 
junction with Captain King, ' Descriptions of the Cirnpedio, Con* 
chifera, mid MoUusor collected during the Voyage of 
Adrenture and Beagle, 1826-30 * (Zoological Journal)* 

“To the'Quarterly Review’ Mr. Brodenp contributedarticlefion 
the Zoological Gardens, on the Vine, on the Cetacea and Whale- 
fisheries, on the Writings of Captain Basil Hall, on the Bridgewater 
Treatise of Dr* Buckland, &c. But the niam bulk of this mde* 
fatigable student's zoological writings are contained m the * Penny 
Cyclopipdia,' viz. from Ast to the end, including the whole of the 
articles relating to ^Mammals,* * Birds/ ‘Reptiles/ ‘Crustacea,’ 
‘ Molluica/ ‘Concbifera/ * Ctrngrada/ ‘ Pulmograda/ &c., ‘Buffon/ 
' Bnsson,’ &c., and ‘ Zoology ’ 

“ Ilia last publication, * On the Shark,' appeared in the March 
Number of ‘ Frazer's Magazme ' It was the ‘ first part’ of an 
article on that subject, and bears all the marks of a nund in full 
intellectual vigour " 

Isamuaup Ktnouom Brunkl was the only sou of the late Sir 
Maro Isambard Brunei, whose mechanical genius and ongmahty of 
conoeption he largely inherited. Young Brunei was born at Ports¬ 
mouth in the year IBUb, at the penod when his father was engaged 
in the construction of the block-machinery for the Royal Dockyard, 
lie received his general education chiefly at the Colltge Henri Quatre 
at Caen, where at that time the mathematical masters were particu¬ 
larly celebrated, and to his acquirements in that science may bo 
attributed the early successes he achieved, as well as the confidence 
in his own resources which be displayed throughout his professional 
pareer. 

On his return to England, he was, for a time, practically engaged 
m mechanical engineering, at the Works of the late Mr. Bryan Don¬ 
kin, and at the age of about twenty he joined his father m the con- 
fUuction of the Thames Tunnel, and there attamed considemhle 
experience in brickwork, the use of cements, and more especially in 
meeting and providing for the numerous casualties to which that 
work waa exposed, Tlie practical lessons there leorued were b- 
valuabb to bbii and to hii personal gallantry and prmence of mind. 
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6n more than one occasion, nhcn the rner made irruptions into the 
tunnel, the salvation of the works was due 
One of his first great independent designs was that for the pro¬ 
posed suspension bridge across the river Aron, from Durdham Down, 
Clifton, to the Leigh Woods, and the acceptance of bis proposal he 
owed to the fact that, upon the reference of the competing designs to 
two distinguished mathematicians, for the verification of the cnlcula- 
tioni^ his alone was pronounced to be mathematically caact« Want 
of funds alone prevented, at that period, the execution of the design, 
which, however, there are now some hopes of seeing earned into 
effect by transplanting to that site the present Hungerford Suspension 
Bridge, which is itself the work of Mr Brunei. 

His introduction to Bristol led to his appointment as Engineer to 
the Docks of that city, which he materially improved. He had been 
previously engaged in the construction of the Old North Dock at 
Sunderland, and subsequently^ designed the Bute Docks at CardiiT. 

In 1B33-34 he was appointed Engineer to the Great Western 
Bailway, and whilst engaged on the surveys, he matured his views 
of the Broad Gauge, relative to which he sustained one of the hardest 
fought engineering contests on record This work placed his reputa¬ 
tion high among Engmeers, and henceforth his mental and physical 
powers were taxed almost beyond those of any other member of the 
profession. His attention to all the details of even the smallest 
works was unremitting, and the llanwcll and Chippenham Viaducts, 
the Maidenhead, and other masonry bridges, the Box Tunnel, and 
the iron structures of the Chepstow and Tamar bridges on the 
extension of the Railway to the South and West, attest the boldness 
and originahty of his conceptions, bis taste m desigmng, and his skill 
in tbe use of various constructive materials 
The partial failure at the opening of tbe Great Western Railway 
appeared only to incite his inventne faculties, and to afford a field 
for the exhibition of his great powers. All the physical impediments 
were met and conquered, and his perseverance was ultimately crowued 
with eueces*, in attaiiung a speed of travelling, combined with comfort 
and security, Intlierto unrn ailed, 
lu the attempted adaptation of the atmospheric system of propul¬ 
sion to the South Devon Railway he was, however, signally uaforta- 
Hate, in spite of aU the ingenuity displayed i but this failure had the 
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effect of bringing into view a snost pleasing feature of his character» 
for while he duly paid up all the calls upon the stake he had in the 
undertaking* he at the same time refused to accept the professional 
emolument to which he was entitled. 

His services were in constant demand* in railway contests, before 
Committees of both Houses of Parliament * and he was employed to 
construct the Tuscan portion of the Sardinian railwavs* as well as to 
advise upon the Yictonaii hnes in Australia* and the Eastern of 
Bengal. 

Intimately* however* os the name of Isambard Brunei will ever be 
connected with tlie railway epoch in Great Britain, it is probably os 
the originator of the system of extension of the dimensions of steam* 
vessels that he will be best known to posterity 

The ^Great Western^ steam*ship was bis first mno\at]on on the 
usual system. In constructing that vessel* which was much larger 
thau any previously built* he had the able assistance of Mi Paterson* 
of Bristol* as the shipwright* and of Mr Joshua Field as the constructor 
of the engines, and in spite of adverse anticipations, even among 
practical men* the most triumphant success crowned liis efforts* and 
demonstrated the correctness of bis views 

His attention was at that time directed to the subject of propul¬ 
sion by the screw* a subject on which Mr. F P Smith had been 
long and perseveringly labouring, and the e\penments made by 
Mr. Brunei* in his voyages on board the 'Archimedes,' conviuced 
him of the practicability of the adaptation of the system to large 
vessels. He then designed the 'Great Britain,’ an iron ship of 
dimensions far exceeding those of any icssel of its period* that 
the first essays were not entirely successful must be attnbuted to 
the fact of the machinery not having been designed by those whose 
peculiar study it had been to produce engines of the class required 
for such vessels. The disaster in Dundrum Bav demonstrated the 
scientific design and the practical strength of the hull of the ship, 
and the successful voyages since made have proved the correctness 
of his ongmal views. He was then appointed the consulting Engineer 
of the AnitraliaKi Steam Navigation Company* whom he advised to 
constroot vessels of five thousand tons burthen* to run the entire 
voyage to Australia without stopping, Uis counsels were* however* 
flot Mowed* 
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The * Great Eastern * was hb crowning effart» and to the design 
and execution of this gigantic vesseh far surpassing ni dimensions 
any ship hitherto constructedi he devoted all his energies. The 
labour was, however, too great for his physical powers, and he broke 
down under the wearying task, leaving to Mr Scott Russell and 
Messrs James Watt and Co., liis cooperators in the construction of 
the hull and engines, the actual completion of the work he had so 
well and so perseveringly brought up to the day of starting on the 
trial trip 

The disasters attending the launch and the trial trip were perhaps 
inseparable from so novel an experiment, on so gigantic a scale, but 
the ultimate results may be looked forward to with confidence. 
Whatever they may be, the impulse given by Mr Brunei to Uie 
construction of large-sized vessels is already felt both m our mercan¬ 
tile manno and in the Royal Navy, 

This sketch of the professional labours of Mr Brunei is of neces¬ 
sity brief and incomplete, nor can the details be given of the nume¬ 
rous scientific investigations in which he was engaged, but the 
devotion, during ten years of considerable portions of his time, to 
completing the experiments made by his father, to tost the applica¬ 
tion of carbonic ncid gns ns a motive jiower m engines, must be 
mentioned. Hxs special objects of study wore mechanical problems 
connected with railway traction and steam navigation, and although 
be was not, perhaps, so sound, or so practical a mechanic as his 
fnend, and, at the same time, constant opponent, Robert Stephen¬ 
son, yet his intuitive skill and ready ingenuity enabled him to arrive 
at satisfactoiy solutions. The characteristic feature of his works was 
their sue, and his besetting fault was a seeking for novelty, where 
the adoption of a well-known model would have sufficed. This 
defect has been unfairly magmfied, wherever the pecuniary results of 
an undertaking have not reached the preconceived standard; and due 
allowance has not been made for the difficulties encountered in the 
prosecution of a new and bold enterprise. It might, perhaps, have 
been as well if a uniform gauge bad been ongindly eatabhshed for 
the Umted Kingdom,—and such may still be the ultimate result; 
but we must still admire the indomitable energy and oonsominate 
skill with wbieh Mr. Brunei and bis coadjutor, Mr. Saunders, pushed 
the broad gauge and its tributaries westward to Bristol, Ghimsler» 
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and through Wales, to Milford llayen,—then south-weat to Exeter 
and Plymouth, and onwards to tlie Land's End s and after invading 
the north-west manufacturmg district of Birmingham, finally arriving 
at the shore of the Mersey opposite to Liverpool This alone would 
have sufficed for the lifetime of many men, and m truth the stupen¬ 
dous labours undertaken by Brunei could scarcely be performed 
without overtaxing tlie mental and physical faculties, and eventually 
causing them to break down 

Mr. Brunei was fervently attached to scientific inquiry, he was a 
good mathematician, and possessed great readiness in the practical 
apphoation of formulas He was elected at an unusually early age a 
Fellow of the Iloyal Society, and was an old Member of the Institution 
of Civil Engineers, of whoso Council he was one of the Yicc-Prosi- 
dents, he belonged to most of the principal Scientific Societies of 
the Metropolis, and several Foreign Societies, and was a Knight of the 
liCgion of Honour, A. hbcral patron as well as a discnminating 
judge of art, ho was himself devoted to artistic pursuits, and lus 
early drawings, as well as his profcsBional sketches, attest his feelmg 
for purity of design, 

Of his pnvate character, those only wlio were admitted to his inti¬ 
macy could judge correctly Brunei was not a demonstrative man, 
but there was a fund of kindness and goodness within, which only 
required to be aiousod to stand forth in high rchef It has been 
well said of him by an old fnend,—** In youth a more joyous, kind- 
hearted companion never existed As a man, always overworked, 
he was ever ready by advice, and not unfrequently, to a large extent, 
by his purse, to aid either professional or pnvate friends His 
habitual caution and reserve made many think him oold and worldly, 
but by those only who saw merely his extenor could such an opinion 
be entertained. His carelessness of contemporary public opinion, 
and his self-relianoo, founded on his known diaracter and his actual 
works, were carried to a fault. He was never known to cMiort ap* 
plaoae. Bold and vigorous professionally, he waa as modest and 
retuiog in private hfe." He waa cut off—in his fifty-fourth year-^ 
just when he had acquired that mature judgment which in moh a 
profeasion as that of the Civil Engineer can be attained only by 
long experience, and when the greatest work of hia hfe bad leaohed 
very eve of coanplction. 



Edward Bury, Esq , was born at Salford, near Manchester, on 
the 22nd of October, 1794. He received his early education at a 
school m Chester From earl} youth he exhibited, m various vvays, 
A taste for macbmery and construction, and eventually he became 
established as a manufacturer of engines and machinery at Liver* 
pool. For some years following the opening of the Liverpool and 
Manchester, and the London and Birmingham Railways, Mr Bury 
supplied numerous locomotive engmes for those lines, and he appears 
to have been veiy successful in practically applying in the construe* 
tion of these engines various improvements in steam-machinery which 
had been recently introduced or suggested* The details of hxs im¬ 
provements arc described in a paper ** On the Locomotive Engine,*’ 
which he contributed to the * Transactions of the Institute of Civil 
EngineerB.' He also acquired much consideration on the Continent 
on account of hts steam-machinery, and especially for his improved 
engmes employed in the navigation of the Rhone For some years after 
the openmg of the Loudon and Binningham Railway, Mr. Bury had 
the entire management of the locomotive department, and it deserves 
to be noticed, that, whilst his administrative services were duly recog- 
nued by the Directors, his tact, judgment, and conciliatory dis¬ 
position gained for him, in a most unusual degree, the regard and 
confidence of those employed under him Mr Bury afterwards 
undertook a similar cliargc on the Great Northern Railway some 
time after it opened, end in the mean time lie had been engaged m 
different important enginecniig works at home and abroad. He sub¬ 
sequently withdrew from active life, and died in his retirement, on 
the 2^tb of November, 1858. The date of his election into the 
Royal Society is February 1, 1844. 

Henry Hallam, Esq, was bom at 'Windsor (a.d. 1777). Uis 
father was Canon of Windsor and Dean of Bnstol; the latter pre¬ 
ferment he resigned dunng his lifetime Mr Hallam was educated 
at Eton, and to Eton he felt, and evinced throughout life, strong end 
grateftd attachment. Both his sons were likewise educated there. 
Classical learning, theh almost the exclusive study in that school, 
fbnnd a congenial mind in Mr. Hallam, and to the last he took 
great dehght in its cultivation. Already at Eton he had become a 
sound and accurate scholar. Some of his versesi printed in the 



* Mum Etonenses/ are among the beat m that collection, and aboir 
hia command of pure and vigorous Latin, some fancy, and more 
thought than is usual in boyish compositions From Eton he passed 
to Chnst Church, Oxford If his academic career was undi« 
Btinguished, it was because in his time the University offered hardly 
any opportunities of distinction But he remained a faithful mcm* 
her of the University At the height of his fame he undertook the 
office of Examiner in Modern History, and Christ Ciiurch did her¬ 
self credit by enrolling his name (he was already Doctor of Laws) 
among her honorary students created under the new academic system 
Soon after he left the University, Mr Hallam commenced the study 
of the Law He entered himself as a member of the Inner Temple, 
became a Bencher, and took so much pleasure in the society of his 
legal friends, that, almost to the close of his life, he availed himself of 
the privileges and discharged the duties of that dignity Some inde¬ 
pendent fortune, which was gradually increased, and an office under 
Government, m the Stamp Department,—an office which he held 
till the dissolution of the Board,—happily placed him above the 
necessity of striving for the emoluments of Ins professionn while 
those legal studies were an admirable jireparation for his future 
career Had he devbted himself to the practice of the Law, there 
can be no doubt that, although he may not have hud the bold and 
ready eloquence, the pliancy, quickness, and versatility of a consum¬ 
mate advocate, yet hia profound, accurate, and comprehensive learn¬ 
ing, ins indefatigable industry, his sagacity in penetrating to the 
depths of au abstruse subject, his grave, calm wisdom, which had so 
much of (he true judicial character, might have led him to the 
highest honours and rank in the Law. It is well, however, for his 
country, for the cause of letters, and indeed of Constitutional Law 
itself, that he left the dignity of the Bencli or of the Woolsack to 
his eminent contemporaries, and became—what no other man of his 
day could have become—the Historian of Constitutional Government 
and Law. In that character, and lu that of a man of letters, he has 
acquired fame and influence as extensive as the world wide English 
language, and indeed throughout the whole of Europe, where his 
works ore generally known by translations Mr. Hallam became, by 
deliberate choice and predilection, a man of letters in the highest 
and noblest sense. Hu dignified mmd, and we may add, his indepen« 



dent oirttinuillMeSf as th^ bad placed him abcre fellowing the la^p 
•0 dio SiiiMl him above following litcrattirc as a profession. He 
was in the enviable position thati while he sought and obtained the 
ftine> he could disdain the drudgery of authorship; and there was 
no ftar that such a mind would degenerate into indolence, or indulge 
m the serene voluptuousness of literary leisure He was a man of 
books, but not of books only; he took great dehght m society, in 
which he nunglod freely; and his own house was open not only to 
many attached friends, and to his legal contemporaries, but to states^ 
men, men of letters, of art, and of science, and to cultivated foreigners, 
whom he received with easy hospitahty. There were few disUn- 
guished men m England, or even m Europe, who were not proud 
of his acquaintance; with many he hved on terms of the most 
intimate fnendship. 

Mr. Hallam became early a Member of the Royal Society. Though 
not stnctly to be called a man of science, yet his active and com* 
prehensive mind was sufficiently grounded in the principles of most 
of the exact sciences, especially of mathematics, to follow out their 
progress with mtelligent judgment, and to watch their rapid advance 
With the utmost interest In the proceedings of this, and of other 
kindred societies, jmrticularly the Antiquarian, as well as m the 
administration of the British Museum, of which ho was an elected 
Trustee, he took part, and always, from his remarkable range of 
knowledge and sound practical habits, with great advantage. 

Bat though Mr. Uallam had thus early taken up his position as a 
man of letters, he did not come forward as an author till of mature 
age, and then, with a publication which had demanded years of 
industrious research and of multifanous inquiry. It was the grave 
and deliberate work of a man conscious of great powers, one also 
(whidi 18 more rare) fully conscious of the responsibility attached to 
such powers, and who well knew that the best faculties and attauw 
meats may be wasted, as to permanent usefulness and enduring 
fame, by that hasty ambition which grasps too eagerly aftw popular 
applause, and wearies the public mmd by incessant demands on its 
attention. Till this time Mr Hdlam was only known by his geiMd 
reputation as a well-read and accomplished scholar, and by some 
artudes in the * Edinburgh Review.* The conductor of that jounud, 
then at its height of power and fame (as appears from leoeni pdUi- 
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oAtlcua}, ftally applreoiated the velua of hii aid* the catent and the 
variety of hia attainmenti , one of hu artidea on Scott*a 'Dryden* 
was remarkable as blending the courtesy due to a man like Walter 
Scott with flree and independent judgment of his opimons, and at 
the same time as giving a just but diaenminate ontioism on the 
most unequal of our great poets. 

it was not till past his fortieth year (a.d. 1818) tliatMr. Hallam 
minounoed himself to the world as an author; but his * View of 
^rope during the Middle Ages ’ placed him at once m the highest 
rank of historic wnters. Of the great qualifications of a hiatonaoi 
except that of fiowiug, rapid 5 living narrative (precluded by the 
form of ins work, whicli unavoidably took that of historical disqui** 
sition), none appeared to be wanting. There was profound research 
into original sources of knowledge, where they existed; the judicious 
choice of secondary authorities, which always met with generous and 
grateful appreciatum; sagacity in tracing the course of events and 
the motives of men $ thorough independence of judgment, which 
cared not what idols it threw down in the pursuit of truth , singular 
firmness with unaffected candour, above all, an honesty of purposci 
whirii almost resembled a passion (the only passion whtchlie betrayed), 
a style manly, dear, vigorous,—if inartificial, sometimes nnharmo* 
nious, yet sound idiomotic English,—an ajit vehicle for the English 
good sense which was the charactenstic of the whole There was no 
bnUiont paradox, no ingenious theory to which all the facts must be 
war{a4^«U ^ sober, sohd, veracious The 'View’ was received 
not only with respect, and with the acclamation of all qaahfled to 
judge of such a work, but even with populanty, considering its 
stthgeot and extent, surprismg. It was emphatically described by a 
high authority of the day as a book which every scholar should read, 
and jSvery statesman study. Like all great works of the kind, it 
eMded and supplied a want in the pubhc mind. The Bistoiy of 
tha Middle Ages up to this time was a wilderness, which few were 
iSkptmi or able to penetrate. There had been much laborious 
hivestigi^oti, much ingenious speculation on parts of the subject; 
but It was a kbyriuth which wanted a clue,—darkness which repdled, 
eonfusioa which bewildered The * View * was as remarkable tor its 
completeness and oomprelienuveness as fbr its depth and accuiaqr* 
Tbou^ the Buljaets on which Mr. Hallam dwelt at greatoit extent;, 
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and it teemed with greatest predileeticm (as, indeed, of the most im« 
portauoe), were the nse, growth, and development of the governments, 
laws, civil, political and religious institutions of the European family 
of nations, yet the book likewise entered with great though proportion¬ 
ate fulness on the progress of customs, inventions, language, letters, 
poetry, arts and sciences It was enlivened by many passages of fine 
cntimsm , the note on Dante, for instance, may bo read with high 
interest, after all that has been subsequently written on the great 
Italian poet* Since the pubhcation of Mr, Hallam’s work, awakened 
cunoBity, the study of the philosophy of history, chicfiy by Conti¬ 
nental writers, and, above all, religious seal, have investigated almost 
every point relating to the Middle Ages with emulous ardour and 
industry, yet Mr Hallam’s work lias stood the test, and still mamtains 
its ground Mr Hallam himself, with the modesty inseparable from 
true wisdom, and only anxious for the promulgation of sound truth, 
instead of narrow jealousy of trespassers upon his province, watched 
with careful interest every advance iti knowledge on those subjects 
which he had treated almost without a guide* In a supplemental 
volume, afterwards incorporated with the original work, he collected 
from every quarter of Europe whatever m bis judgment might throw 
a broader and clearer light on these dark places of medieval history* 
Nearly ten years elapsed before the publication of Mr. Hallam’s 
second great work, * The Constitutional History of England,’ in July 
1827. This was in some respects a continuation of part of the 
former book, which, among the other polities of Europe, had traced 
the growth and expansion of the British Constitution during the 
Mid^e Ages. It may be almost enongh to say of this work, that 
by common consent it has become the standard authority on its all- 
important subject.* It is constantly appealed to in the Houses of 
Parliament; it is the text-book m the Universities as well as m 
the higher schools, and this, from a general iufelt acknowledgment 
of its truthfulness, which overawes and convinces against their will 
those to whom its doctrines may at first sight seem unacceptable. 
Nor was this from a cold, stately assumption of supenority to the 
great questions which have divided Englishmen in all ages. Through¬ 
out the work, m which eiery event which has stirred the 
passions of men, every character illustrioas for good or for evil in 
our annals, passes in review, and is aummoned to jadgmenti 
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though Mr. Hallam holds avowedly and without disguise his own 
strong opinions, those of a calm, consmcntious Whig of the old school, 
still there is an enforced impression that nothing could tempt him to 
be an unfair partisan, that he seeks, and only seeks—and seeks with¬ 
out fear, without compromise, without awe of great names, without 
respect for popular idolatiy—right and truth, justice and humanity, 
sound law, tolerant religion. If there has grown up a more general 
accordance of sentiment and opinion on English Constitutional Histoiy, 
if extreme differences have died away, and, so far as past times ore 
concerned, the old party watchwords have nearly sunk into oblivion, 
if there has been greater goaeral sympathy for the uiac and good, 
more unanimous reprobation of the base and bad, tins may in some 
degree be attributed to the influence of * The Constitutional History 
of England * 

After another mterval of nearly the same length (in Sept. 1838 
and July 1839) appeared the * Introduction to the Literature of the 
15th, 16 th, and 17th Centuries.’ This view of the intellectual deve¬ 
lopment of the world dunng the most active and prolific period m 
the history of the human miiid, if with Mr Hallam a work of labour 
(to most others it had been a work of intense labour), was yet a work 
of love It was the overflow of a mind full to abundance of the best 
reading on almost all subjects, a disburthening, as it were, and a relief 
iirom the stores of knowledge accumulated during a long life. If it 
be hardly possible for a single mind to achieve n history of literature 
dunng three centunes (the work bore the modest title of * Introduc¬ 
tion to the Literature of Europe’), yet punch is gamed by the unity 
of the work, by the proportion, liarmony and order m the distribution 
of its parts, and if one mind was capable of passing a fair judgment 
on such different productions of human thought and imagination, it 
was that of Mr. Hallam. How well he had read the best authors 
may be tested by bis criticisms on Shakspeare, on Anosto, on Cer¬ 
vantes, and on some of our older poets; his power of grapplmg with 
more profound and abstruse subjects, by his estimate of Locke; while 
wnten of a more diy and uninviting class, scholars, even gramma¬ 
rians, pass before us, if with less minute investigation, with much 
more than a dull and barren recension of their names. 

Only one other work, a small one, bears the name of Mr. Hallam, 
and that, though pnnted for private distribution, having been hbevoliy 
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oommunioated to liii nummos ftiendsi maj jugtify at least a pasiing 
allusion. It records a melancholy cliapter m on otherwise uneventful 
life to wfaioh men of letters might have looked with respectful envy. 
It pleased Divine Providence to try this wise and blameless man with 
almost uoesampled domestic aiBictiou. Ho married an excellent 
ladjf the daughter of Sir Abraham Elton. Of many childreu^ four 
only, two sons and two daughters, grew up to mature age. The eldest 
son was one whom such a father (for Mr. Hallam, with not much 
outward show, was a man of the deepest and most tender affections) 
could look upon with pride, with love, and with hope allotted to few 
distmguished men What was the promise of Arthur Uailam may 
be known firom the volume of hw ^Remains/ prmted by his father, 
what he was m disposition as well as in mmd, from the exquisite 
*In Memoriam’ of Mr Tennyson The blow which bereft Mr. 
Hallam of this son was frightfully sudden His eldest daughter and 
Ids wife followed the ff rst-bom to the grave* One son remamed, ho 
too, if of less originally speculative and poetic temperament than the 
elder, with great acquirements and endowments, was gifted also with 
a gentleness and tenderness of disposition, singularly fitted to be the 
consolation, the surviving hope of such a father. He too was earned 
off with almost equal suddenness One daughter remains, married 
to Colonel Famaby Cator, and has duldren. Bowed bat not 
broken by these sorrows, Mr Hallam preserved his vigorous facultiei 
to the last, and closed bis long and honoured bfe m calm Chnstian 
peaoe. 

ARTBVn HajtFRXY was born at Aberdeen, of Engluh parents, 
on the 1st of November, 1819. He studied medicine at St. Bartho* 
lomew*s Hospital, and in 1843 became it Member of the College of 
Surgeons, but delicate health prevented him from engaging m the 
practioe of his profession. Accordmgly, having a taste for botany, 
and having already attained to great proficiency m that science, he 
thenceforth devoted himself exclusively to its pursut, and soon 
acquired a distinguished position among English Botanists, In 
1847 he was appomted Lecturer on Botany at St. George’s Hospital, 
and in 1854 succeeded the late Professor Edward Forbes in the 
Botasdcal Chair at King’s College, he was alao Examiiier in Natural 
Hutory io the Boyal Mihtaiy Academy and the Sometj of Arts. 
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Notwithftanding hid feeble bodily con8titution» Professor Hen&ey*s 
laboars were lucessant. Whilst constantly engaged m original 
vestigationB, the results of which he made known m vanous papers 
which appeared in the * Transactions* of the Royal and Lmnean 
Societies} the * Annals and Magazine of Natural History}* and the 
'Journal oi the Agricultural Society}* his untunng industry also 
enabled lain to furnish numerous translations and abstracts of 
foreign memoirs to the Natural History JoumalS} and to giro 
reviews and critical notices of botanical works m these penodicolSt 
as well 08 in the ' Quarterly Review ’ Moreover} he translated 
several independent works from the French and German languageSf 
and composed some valuable elementary treatises on botanical sub* 
jectS} of which his 'Elementary Course of Botany/ published in 
1857} IS the last and most important For three years also he eon* 
ducted the 'Journal of the Photographic Society/ and smee 1858 
was one oi the most active editors of the new senes of the ' Annala 
of Natural History ’ 

Professor Hcnfrcy was a man of an amiable and gentle nature} 
which neither the pressure of daily toil nor the trying interruption 
of iU«healtli could ever ruffle his death} on the 7th of September, 
1859} at the early age of thirty-ninC} hastened as it probably was by 
hu uuremittmg exertions, has been deeply lamented by all who knew 
him 

Tboxab noRBFiBLU} M D., WHS bom at Bethlehem} in Penn* 
q^lvama} on the 12th of May, 1773, of parents who were Moravianf, 
m which Christian communion he lived and died, lie was educated 
for the medical profession m the University of Pennsylvania} where 
he took the degree of Doctor of Medicine in 1798. Early m life he 
went to Java, where be passed sixteen years, actively engaged in the 
pursmt of Natural Hutoiy, to which be bad devoted himself. Dunog 
his residence in Java, he thoroughly explored eveiy part of the 
island} in quest of its natural prodoctums From Java he visited 
Banco, and gave the fullest and best account which exists of that 
island. After the restoration of Java to the Dutch m 1616, Dr. 
Horsfield made a long sojourn in Samatra, and there contmned his 
favourite studies; but having made the fhendshqi of Sv Stamford 
Baffles, who is said to have imbibed from Hoiafield his weU-known 
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love of Natural History, he followed that exniiicut person to England 
in 1816, and soon after was made Keeper of the Museum of the East 
India Company, which cliarge he held till his death, which took 
place on the 24th of July, 1839, m the 67th year of his 

Whilst in the East, Dr Horsfield diligently collected the plants 
of Java and the adjacent islands, and the folio volume afterwards 
published in this country, under the title of * Plantoe Javunicm Ra- 
nores,* contains figures of selected species from his collections, with 
desonptions furnished b) his friends Mr J J Bennett and the late 
Mr Robert Brown During his stay iii Java also, he contributed 
Tarious papers on the Geology and Natural History of the Eastern 
Islands to the * Transactions ot the Batai lan Society/ of which he 
was a member The same collection also contains a very interesting 
experimental inquiry, by Dr Horsfield, on the physiological action 
of the Upas Antiar poison, the juice of a tree which was afterwards 
figured and described in the ^Plantse Javauicm * His writings on 
Zoology are, chiefly, his * Zoological Researches in Java,^ 4to, 1621 , 
the valuable Catalogues of the several zoological departments of the 
East India Company's Museum, and numerous papers ou roological 
subjects contributed to the * Linnean Transactions,' the * Zoological 
Journal,' and the ‘ Proceedings of the Zoological Society ' Hia latest 
publication is the ‘ Catalogue of the Lepidopterous Insects m the East 
India Museum,' of which only the first volume has appeared; it was 
compiled by Mr. Moore, his assistant, fiom Dr Ilorsfield’s materials 
and manuRcnpts, and under his direction Dr Horsfield had some 
years before commenced a Catalogue of these insects, of which only 
two parts were published (1826-29), and this pubhcation, though 
incomplete, deserves notice, as oontaining an elaborate Introduction, 
with a general arronj^meut of the Lepidoptera founded on their 
metamorphoses The importance of the transformations of insects in 
reference to their classification had indeed become early impressed on 
Dr Horsficld’s mind, and he accordingly spent three seasons during 
his stay in Java in collecting the larvte of numerous species of Lepi¬ 
doptera, watching their development, and making careful desenp* 
tions and drawmgs of their successive changes np to the perfect 
state 

Dr Horsfield was a member of vanons learned societies at home 
and abroad. He was elected a Fellow of the Linnean Somety m 
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]820| And of the Hoyal Society m 1828. Ho was a man of retired 
habits^ but of amiable charactor and utiblemibhed integrity. 

Manuki. John Johnson* the lato Radclifro Obsorver* expired 
suddenly on the 28th of February* 1859* in the fifty-fourth year of his 
Ago Gut off A3 he was iti the midst of hts invaluable labours and in 
the full vigour of his high intellectual powers* his death has caused 
a severe loss to science* which* however deeply deplored by the 
numerous friends who enjoyed the pnvilege of his intimate acquamt- 
once* will only be appreciated in its full extent when the great and 
important works which he designed* and so nearly executed* shall have 
been duly completed 

After passing through the usual course of studies at Addiseombe 
College* Mr. Johnson commenced his public career in 1821 as an 
officer m the St Helena Artillery* and while acting as aide-de-camp 
to General Walker* then in conmiand of the island* was appointed to 
the control of a small but efficient observatory* founded by the 
Honourable East India Company The establishment came into 
active service in 1829* and in the short space of three years and a 
half* a valuable catalogue of 606 stars had been observed by the young 
astronomer and a single assistant This catalogue was afterwards 
puhhshod, at the expense of the Court of Directors* in the * Memoirs 
of the Royal Astronomical Society*’ and obtained for its author the 
award of the gold medal of that body m the year 1835 

On the termination of tins important work* Lieut. Johnson re¬ 
turned to England* and entered the University of Oxford as an 
undergraduate On the death of Professor Eigaud* in 1839* he was 
appointed RadclifTe Observer, and speedily rendered the Observatory 
one of the most active scientific institutions m the world. 

One of his first acts was to obtain permission of the BodcliiFe 
Trustees to publish an annual volume of Observations—thus scorning 
the life of comparative ease he might have chosen* and giving the 
world an effectual guarantee for the performance of those self-imposed 
duties to which he so willingly and faithfully devoted the remamder 
of hia hfe. He accordingly immediately began the re-observation of 
* Groombndge’s Circumpolar Catalogue*’ adding thereto all conspi¬ 
cuous adjacent stars* and many others of especial interest. To this 
important work the resources of the Observatory were devoted for 
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more than fourteen yoars volume afler volume haa been iaaued with 
a regularity bitborto unsurpassed > wbile tbe bigh cbaracter for accu¬ 
racy of the star-places in each animal catalogue has been fixed by the 
unanimous approval of the most eminent European autbonties. To 
render this great work complete, however, required the reduction of 
every individual observation to a fixed epoch, and the incorporation of 
the whole into one genertd catalogue. Much yet remained to be done, 
though the work was fast progressmg, and had its lamented author 
been spared another year or two, he would have presented to astro¬ 
nomers a monument of industry and devotion to duty unsurpassed 
in the annals of British science The point now most to be desired, 
previous to the publication of the final catalogue, is, a rigorous 
investigation of the errors of division of the Mendian Circle, which 
has not yet been attempted, owing to the too numerous and pressmg 
pursuits of the unwearied and enterprising Director. 

In 1854 anew project was commenced,—* A Catalogue of Remark¬ 
able Objects,” comprising all stars of suspected large proper motion, 
the binary systems, variable and coloured stars, all bright stars down 
to the third magmtude« and indeed whatever of interest was obser¬ 
vable with a four-mch object-glass In the discussion of proper 
motion Mr John8on*s plan of procedure was that adopted by 
Madler, vis, instead of deducing the change of place from two most 
widely distant authorities alone, to employ all published positions, 
and thus to deduce the best possible final value; leaving no broken 
link, no contradictory observation uncorrected, or at least unnoticed, 
to raise future discussion as to the value derived Such a method 
is of coarse the most laborious, but nothing less can be regarded as 
definitive, and, to secure the best results, neither time nor trouble was 
spared. 

The most eventfol epoch m the history of the Badchffe Obser¬ 
vatory and of its late Director remains to be noticed, vix* the estabhsh- 
ment of the fine heUometer—a treasure unique m its improvements, 
Tonnvalled m its marvellous powers, but almost the labour of a hfe 
to develope and turn to the best account. It was erected by its 
makers, Messrs Repsold of Hamburg, in October 1849, and was 
forthwith employed in incessant and tmlsome researdi by its skdftil 
uoanipulator. The Badchffe Trustees, with their usual hberabty, not 
only provided and equipped this very costly instnunent, but, in nrder 
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to «nabl« Mr, JohiUKm to derote himeeif almost exdaairely to its iM 
without intermptmg the jiursiuts of which we have Already spoken^ 
granted him an additional assistant. After a carefhl atudy of the 
peculiarities of the uistrumenti in the course of which his acquaint^ 
anoe with German enabled him to derive most important aid from 
the learned disquisitions of Bessel, Hansen, Wiohman# and other 
astronomers, an elaborate desonption of it appeared in the preface to 
vol. xi* of the lladcliffe Observations. The detection and treatment 
of certain corrections peculiar to the Oxford hehometer afforded a 
fine example of Mr. Johnson's suggestive gemus. Before eom* 
mencing the more diflleult investigations of stellar parallaxes, be 
passed, step by step, through a patient and jadicious course of 
training, the measurement of some well-known double stars, of the 
diameters of the planets, and of the brighter stars in the Pleiades. 
In 1851 the hehometer was employed in a novel and purely original 
manner to determine the light-ratios used by different aatroiunnexa 
in their estimations of the magnitudes of the fixed stars. In the 
two following years his most successful achievements with this instru- 
ment were accomplished, vis. the determinations of the pamllaxet 
of the stars 61 Gygni and 1830 Groombndge. Hu near agreement 
with the values obtained by Bessel for the former, and by Professor 
Peters and Otto Struve for the latter object, was most satisfactory, 
and gave ample evidence of his complete succeH m these intricate 
investigationB. In 1854 and 1855 the parallaxes of Castor, Arc* 
turns, a Ljrm, and one of the componson stars previously used 
m the case of 1830 Groombndge, became the olqects of researches 
the details of which are given m vol. xvi of the Badoliflis Observa¬ 
tions. 

The same spint of enterprise and progress which Mr. Johnson 
evinced in the purely astronomical part of hu dutus was manifested 
in a yet more marked degree in hu management of the meteorblo- 
iptal department. From a single page of ordinary records of the 
barometer and theraimneter, the subject rapidly expanded, under Us 
tresEtment, to an extent hitherto unprecedented. The introduetum 
of photography as a means of barometric ragutration by Mr. Bonaldi^ 
and its iugenUmi extenrion to the wet* and dry«bulb thermometers by 
Mr. Crookes^ as also, at a later period, to the records of the direo* 
tkm and etrength of the wbd and the depth and time of fell of rain. 
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added such an amount of anxious labour to the already overwhelming 
requirements of his office, ns for the last tliree yiars completely pro* 
eluded him from making further researdies with the iiehometer. 
This IB the more to be deplored, a«i there xh n ason to <( in that the 
monotonous, though cheerfully endured, fatigue int vjtable in reducing 
BO novel and accumulatiio a process to a regular ^ysUm, accelerated 
the Bad event which it has been our mournful task to record 

An cameat labourer himself, Mr Johnson was ever ready to 
ftirthcr the scientific labours of those whom he had it in his ])ower 
to assist, and it was m this spint that he sanctioned and encouraged 
his assistant, Mr Pogson, in making independent researches witli 
the RadolifFe Equatorial, after the hour of closure of the official work 
of the Observatory, whereby that gentleman was enabled to discover 
four planets and ten new variable stars 

The remembrance of his high social qualities, his refined taste, 
and extensive fund of ready mfonnatioii iii literature and the fine 
arts as well as in science, his frank and agreeable demeanour, his 
thorough integrity of purpose, and his unostentatious benevolence, 
will be long cherished by a uidc circle of friends, especially lu the 
University, where he was so bright an ornament and so general a 
favourite 

He was President of the Poyal Astronomical Society m the years 
1857 and 1858, and was elected a Fellow of the Royal Society in 
1856. 

Lieutenant-Colonel Ciiaules Hamilton Smith was bom in 
Austrian Flanders, oii the 126th of December, 1776, of a Protestant 
family holding a good position in the province, and partly of Rntisli 
descent He was brcil to the military prolcssiun, and began his 
career as a volunteer m thcRntish army m the Ncthci lands, but 
soon obtained a conuniBsion, and in 1797 was transferred to a regi¬ 
ment in the West Indies. After serving for twelve years in that 
part of the woild, he returned to Europe, and joined the Wolcheren 
expedition ns Deputy Quartermaster-General In 1813 he was again 
employed m the Low Countnes, and on this occasion he succeeded, 
with a handful of men, in capturing the fortress of Tiiolcn, whereby 
a new and better basis of operations was opened up to the British 
forces in Brabant. After being engaged, ui 1816, on a mission to the 
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United States and Canada, ui connexion with the Foreign OflSce, ho, 
in 1820, jctiied Irom actnt public duty 

In tljo course of his active military hie. Colonel Smith found time for 
vaiied study History, Archioology, and Zoology were hw favourite 
subjects, and these he continued to cultivate in his retirciuont The 
matun^d results of Ins labours he gaie to tlie world in various well- 
known works, of which lie vias sole or part author For many of 
tiiesc he had curly begun to accumulate materials, especially pictorial 
representations of tlie objects dt scribed, and for this employment 
his taste and skill ns a draughtsman gave him both inducement and 
iacihty 

Whilst on the staff of the Horse Guards, he wrote the military 
part of Archdeacon Coxe’s ^ Life of Marlborough,’ which is said to 
have excited the interest of Napoleon at St Helena ns to its author¬ 
ship, inasmuch as it showed a practical acijuauitnucc with military 
affairs scarcely to be expected of a churchman He is also the author 
of the article War** in the ‘ Supplement to the Encyclopa)dia lln- 
tanuica,* and of the introductory paper on the ** Seieiiee of War ’’ in 
the ‘Aide M^moirc* of the lloyal Engineers 

The first piibhcation in which the powers of Colonel Smith’s 
pencil were called into requisition was the ‘ Costume of the original 
Inhabitants of the British Islands,’ undertaken m connexion with the 
late Sir Samuel Meyrick. A still greater work, which was m reality 
hardly lees uidcbted to Colonel Smith, although his name does not 
appear m the title, is Sir S, Mcynck'a 'Ciitical Inquiry into the His¬ 
tory of Ancient Armour ’ We are informed that most of the illus¬ 
trations (blazoned in gold and colours) of that celebrated work were 
copied, with his full concurrence, from Colonel Smith’s drawings 

Well, however, as Colonel Smith was known as a historical anti¬ 
quary of no common ordei, his reputation as a writer on Natural 
History was perhaps higher The article "Rummantia” in 
Griffith’s edition of Cuvier’s ‘Begue Animal’ (1835) was written 
by him, and many of the engravings in that edition were from his 
drawings At a later period he supplied the volumes on * Dogs,* 
* lIoTseg/ and * Introduction to Mammaha,’ to Sir William Jardine’s 
‘ Naturolut’s Library *, and in connexion with Uie same senes, be 
published in 1848 liis ‘ Natural History of the Human Species.’ He 
was also the author of the elaborate articles on Natural History, and 
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Warfare, in the * ('jclopaedia of Scriptural Knowledge/ edited by 
l>r Kitto 

The extraordinary amount of matcrmls collected by Colonel SmiUi 
18 not, however, to be estimated only by Ins published works 
He has left more than twenty volumefl of manuscript notes on the 
most vaned subjects In many instances these notes illustrate his 
remarkable collection of drawings, amounting in number to many 
thousands The whole of these valuable collections, as well as his 
]>ersonal assistance, were throughout his life placed freely at the dis¬ 
posal of all to whom they could be of service, and it was at all times 
biifficicnt for the Colonel to be assured that by his advice and assist¬ 
ance he could further the objects of the literary inquirer or the 
artist to ensure lus active cooperation 

Colonel Smith became a Fellow of the Royal Society in 1824, and 
of the Liunejin in 1826 On the formation of the Devon and Corn¬ 
wall Natural History Society, he was elected President On his 
retirement from active military service he fixed his residence at Ply¬ 
mouth, where he died on the 2Ut of September, 1859 

Sir Gkokgb Tuomab Statinton, Bart, D C L , was the only 
child of the late Sir George Leonard Staunton, who is well known 
to the public OB having accompamed Lord Macartney as Secretary 
of the first Embassy to China, m the year 1792, and os the author 
of the account of the Embassy winch was afterwards published. He 
IS not less known to those who are acquainted with the history 
of Dntirii India, as having, when Lord Macartnev was Governor of 
Madras, concluded the peace with Tippoo Sultan m the year 1784, 
Sir George Thojnas Staunton was bom in May 1781, and diedf 
after a sncoession of paralytic seizures, m the summer of 1859. 
He succeeded his father in the baronetcy in the year 1601 
After his father's death he was the last male representative of a very 
ancient English family, the branch of it from which be was descended 
having been established as landed propnetors in the county of Gal¬ 
way in Ireland since the middle of the 17th century 
Sir George Leonard Staunton had some peculiar notions as to 
educatum, which he endeavoured to carry out m the training of hw 
SOD. The son was brought up entirely at home, under his fhiher's 
qrej and, except an a few very rare occasions, never assooieted with 
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boys of his own age, but lived entirely m the society of older persons 
A tutor bring in the house instructed him in the Greek and Latin 
languages He had masters to teach him Mathematics, Botany, and 
other sciences, and he attended lectures on the various departments 
of Natural Philosophy Partly, perhaps, from his not being occupied 
with the pursuits of other boys, but pnncipally from his being natu¬ 
rally endowed with great powers of application and much rpadmess 
of apprehension, be made a remarkable progress in all these branches 
of knowledge, so that when he was not more than fifteen or sixtocn 
years of age he was as much advanced os many even diligent students 
when they are eight or ten years older 

In the year 1792 he accompanied his father to China, under the 
nominal designation of Page to the Ambassador For some time 
before the embassy embarked, and during the voyage to China, he 
had the opportunity of studying the Chinese language under two 
native Chmese missionaries from the Propaganda College at Naples, 
and he soon made such proficiency as to be able to speak it with 
tolerable fluency, and to copy [lapers written in the Chmese charac¬ 
ter In this manner he became very useful to the embassy When 
the embassy was presented at the Chinese Court, the Emperor in¬ 
quired for the little boy who could speak Chmese, conversed with 
him for some time, and good-naturedly presented him with an em¬ 
broidered yellow silk purse for holding areka-nuts, from his own 
girdle 

On leaving China, Sir George h Staunton engaged a Chinese 
servant to accompany him to England, m order that bis son, by 
constantly communicating with him m Chinese, might keep up and 
extend his knowledge of the language. 

In the year 1799, having received the appointment of Writer m 
the foctoiy of the East India Company at Canton, young Staunton 
proceeded a second time to China He remained at Canton, with 
some occasionai visits to Europe, until the year 1817, having for 
some time before hii final return to England filled the office of 
Chief of the factory. Ills residence in China afforded him the 
opportunity of still fiirtber advancing himself in a knowledge of the 
Chinese language by means of native teachers He was the first 
among the members of the factory who had ever studied the lan¬ 
guage of the country in which their duties required them to reside, 
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and thus he became \ery useful by superseding the ncrcssity of em¬ 
ploying native interpreters, in whom (priuu]>aUy from the fear which 
they had of the local anthontics) much conhdence could not be 
placed While residing in Chma, he made several translations from 
the Chinese, the prmcipal, and that n work of great importaiu^e, 
being the * Ta Tsingleu-lcc/ or Ciiiiasc penal code This last was 
published in the year 1810 Other tianslatioiis of much interest, 
though of inferior importance to this, have been published sinee 

In the year 181G a second embassy was sent to China, the late 
Lord Amherst, Sir Henry Ellis, and Sir George Staunton being ap¬ 
pointed joint CommiBsioneis of Embassy An account of the pio- 
cecdings of this Embassy has been published liy Sir Henry Ellis* 
Sir George Staunton, however, pnnted his private journal, and dis¬ 
tributed copies of it among his friends 

After his return to England, Sir George Staunton purchased a 
house and landed property in Hampshire, where he afterwards re¬ 
sided dunng a part of e%'ery year For some time he had the honour 
of representing South Ilauta m Parliament He afterwards repre¬ 
sented Portsmouth, and oontmued to do so until he resigned the 
charge a very few years before he died 

After his being hnally re-established in England, he occupied him¬ 
self but httle with the pursuits of his early life, though it may have 
been partly his knowledge of botany that led lum to lay out on ex¬ 
tensive garden, with numerous hothouses and conservatones, full of 
the rarest trees and plants 

Although his hfc was prolonged until he had entered on his 79th 
year, he was always of a delicate frame, and not capable of great 
physical exertion Others observed in him a certam shyness and 
awkwardness of manner, of which his peculiar education affords an 
adequate explanation* But with this he on various occasions dis¬ 
played great moral courage and determination. Many instances of 
this might be quoted, but one will be sufficient. On the occasion of 
the second embassy, the Chinese Court refused to receive it unless the 
ambassadors performed the ceremony of the Kotm before the 
Emperor Lord Amherst and Sir H Ellis wished that they should 
do so, but Sir George was so satisfied that it would be regarded by 
the Clunese as an act of humiliation, and something like tlie homage 
paid to a feudal lord, that he positively refused his consent. The 
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Ohmese were Aware ot this, nnd threatened to diBmise the rest of the 
embassy! hut to detain him os a prisoner* But he declared that 
this made no alteration in his view of the subject, that, being con¬ 
vinced that he was nght, he was quite ready to take his chance of 
whatever might befall him, rather than swerve from what he re¬ 
garded as the strict line of his duty 

Mr Bodkrt Stephenson, M P , the only son of the late 
Mr George Stephenson, was born on the 16th of October, 1803, at 
■Willmgton Quay, near Now rastle-upou-Tyne, whore his father had 
charge of the colliery engine The rudiments of his education 
were received at the i illagc school at Long Benton, whence he was 
transferred, at the age of ten years, to the academy of Mr John 
Bruce, at Newcastle, which he left at the age of sixteen Ho then 
received some instruction in mathematics from Mr Ridde]], now 
the Master of the Naval School at Greenwich, and was apprenticed 
as a coalviewer to Mr Nicholas Wood, with whom he stayed about 
three years Mr. George Stephenson having by that time raised 
himself to the position of a consulting mechanical engineer, and 
ap]>reciating the advantages of that education which it had not been 
his own good fortune to receive, determined to send his son to the Uni¬ 
versity of Edinbiirgli, where llobort Stephenson was entered in J 821 
During one session, which was all that could be afforded for him, he 
followed BO indefatigably the lectures of the celebrated Professors 
Leslie, Hope, and Jameson, that he earned off most of the pnzes of 
the year, and feeling the value of the opportunity, he laboured most 
assiduously, not only to learn everything that was placed before him, 
but more especially to lay the foundation for future self-instruction 

In 1822 he quitted the university to become the apprentice of his 
father, at the works then first established at Newcastle-on-iync 
for the manufacture of machinery, and whence proceeded the loco¬ 
motive engines which were dcstmed to produce such a revolution in 
the internal communication of all countries. 

His health having suffered from unremitting study and close appli¬ 
cation to his duties at the fketory, he accepted in 1824 an appoint* 
ment to mvestigate and to report upon some silver mines in South 
America. This occupied him for nearly four years, and upon his 
report the Columbian Mining Association was formed. Before his 
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departure for America he had assisted his father m the surrey of 
the line of the Stockton and Darlington Railway, which was opened 
for traffic on the 2rth of September, 1825 During the progress of 
the works, public attention was so much attracted to the subject, 
that the project was resuscitated for a railway between Liverpool and 
Manchester, intended chu fly for the conreyouce of cotton from the 
port to the place of manufacture Mr George Stephenson was 
appointed to survey the line contemplated for the undertaking, and 
being ailerwards appointed engineer for the construction of the work, 
in the year 182fl, and feeUng the need of lus son’s assistance, he 
summoned him to England Robert Stephenson, on his return home 
by way of the United States of America and through Canada, fell iii 
witli Trevithick, who was also coming home from South America. 
That steam locomotion should form a constant topic of conversatioh 
between two auch meu was only natural, and Robert Stephenson, 
who was already acquainted with and had assisted in carrying out 
the improvements of his father m the Killingworth and other loco 
motive engines, was well mclmed to listen to what wore then con- 
sidered tlie visionary schemes*’ of Trevithick, whose utmost ideas 
of attainable speed were, however, so soon to be far exceeded 
Whilst engaged, after his arrival in England, in assisting his father 
in the construction of the Liverpool and Manchester Railway, Robert 
Stephenson at the same time directed his attention to the systems of 
railway traction, and was successful in the competition for the 
pnae offered by the Directors of the railway for the best locomotive 
engme. The result of his experiments, added to the joint Essay by 
himself and Mr. JosepbLocke, in reply to the Report of Messrs. Walker 
and Rastnek, whitb recommended fixed engines and rope traction, 
led to the settled adoption of the locomotive engine, and contributed 
materially to decide the question of the general introduction of raiL 
ways m tins country. Soon after this he constructed the * Planet’ 
engine, at the Newcastle factory, which became the type of all the 
very successful engmes that have been since employed. About the 
same period the United States Government sent three officers of the 
corps of Topographical Engineers ta examine uito and report upon 
steam locomotion on railways as practised m tins oountiy. For these 
gentlemenEohertStephenson designed and constructed two locomotive 
engines, embodying a special contrivance adapting them to travene 
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the sharp curves oi the American railways, and m the majonty of 
the American engines that mode of construcUon has since been iol- 
lowed. Thus it is to Kobert Stephenson that arc due the types of 
the locomotive engines used m both hemispheres 
The successful result of the Liverpool and Manchester Railway 
led to the project of a Ime between London and Birmingham The 
survey for this hue had been entrusted to Robert Stepbensoni who 
removed to London for the pur|)OBe of devoting himself to the execu¬ 
tion of the works, which had also been committed to him. They 
were veiy heavy, and demanded the exercise of the greatest skill and 
constant ftersonal attention, especially in such works os the Kilsby 
Tunnel, where the quantity of water met with threatened to stop the 
proceedings The railway, which was commenced m 1834, was com¬ 
pleted in 1838, and such was the reputation acquired by the engineer, 
that his advice and assistanoe were henceforth sought m all the im¬ 
portant undertakmga of the period, cither for the construction of the 
works or in prosecution of the bills before Parliament. Foreign 
governments also sought his assistance, and for the attention devoted 
to the scheme for the Belgian railways, both George and Robert Ste¬ 
phenson received from the King of the Belgians, m 1844, the deco¬ 
ration of the Order of Leopold Robert Stephenson received also, m 

1848, the Grand Cross of St. Olaf of Norway for similar services. 
He was thus consulted on the construction ot railways in Belgium, 
Switzerland, Germany, Norway, Denmark, Tuscany, Canada, Egypt, 
the East Indies, and other countries Dunng the progress of these 
large systems of lines, he was called upon to design and to execute 
many very important and some very novel works, of which we can 
here only mention the Kilsby and numerous other tunnels, large 
viaducts, such as the High Level Bridge at Newcastle-uu-Tyne, 
the Victoria Bridge at Berwick, and the Conway and Bntauma 
tubular iron Bridges. The latter great umovation m constructive 
art, which has since been extended to architectural construction with 
the greatest succeis, was at first viewed with great distrust, and it 
required some considerable tune to convmce the public of the security 
of such works: subsequently it was as difficult to settle the question 
as to the real originator of the system. We have here only to record 
that m 1855 the Council of Presidents and Vice-Presidents of the 
French Exposition, awarded to Mr. Robert Stephenson the Great 
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Gold Medal of Honour for the invention and introduction of the 
system of tubular plute-iron bridges, and First Class Silver Medals 
to Messrs. William Fairbaim and Eaton Hodgkinson, for their co- 
operabon in the experiments, and also to Mr Edwin Clark, for 
his aid m the eousideratioii of the designs and ni tlie construction 
of the bridge itself As n farther recognition, the Emperor added 
the decoration of the Legion of lloiiour Thu system of construc¬ 
tion has since been extended to the Victoria Bridge across the 
St. Lawrence River, in Canada, the total length of which is nearly 
two miles, m twenty five spans That bridge is the greatest example 
of the system, whicli has, however, also been employed on a large 
scale by Mr Robert Stejihenson, in the bridges across the Nile, at 
Bcnali and at KafiFre Aszayat, on the Egyptian Railway from Alex¬ 
andria to Suez The limits of this memoir will only permit tlie 
fhrther mention of the remarkable constructions on the sea-shore 
between Conway and Bangor, for the protection of the Chester and 
Holyhead Railway, and the recent restoration of the iron bridge at 
Sunderland, which was the last engineering work upon winch he was 
actively engaged. 

Mr. Robert Stephenson was considered as the leader m the cele¬ 
brated discussion, called the battle of the gauges,’’ for determining 
whether the narrow or the broad gauge should be the standard for the 
Kingdom Events have since proved how correct were hia views, and 
notwithstanding tlie bnlliant talents of liis friend, but then oppo¬ 
nent, the late Mr Brunei, the broad gauge did not spread beyond a 
certain district It was, moreover, to his stienuous and persutent 
opposition that was due the rejection of the atmospheric system of 
traction, attempted to be introduced on the Halkey, the Croydon, 
and the South Devon Raflways 

For some years after he reduced the sphere of his active profes¬ 
sional employment, he was engaged in several important public in¬ 
vestigations, such as that of the Consulting Commission of the 
Metropolitan Sewers, and others He made able investigations and 
reports upon vanous great undertakings, of which the Liverpool 
Water-works may be mentioned as an example, and he wrote the 
article " Iron Bndges ** in the ^Encyclopaadia Metropohtana.' 

The work of hu predilection was, however, the management of 
the Engine Factoiy at Newcastle-on-iyne. To that he devoted him- 



XXXIU 


self as R labour of love, thinking over improvements uiul dosigtniig 
innovations, the necessity for which had become apparent in the 
working of his lines of railway 

In the year 1847, Mr Robert Btephensou was elected to represent 
Whitby in Parliament, and he continued to sit for that borough until 
his decease* lie did not speak much in the House, but when he 
spoke he always commanded attention, and on such questions as that 
of the Canal of the Isthmus of Suez, which he is well known to have 
strenuously opposed, he earned every one with him lie was a very 
useful member of Committees, and had his life been spared, there is 
no doubt that his services would have been eicn more frequently re¬ 
quired by the Government, who had already learned to appreciate 
the honesty and truthfulness of his views 

lie was devotedly attached to scientific inicstigations, and, os far 
as his occupations permitted, he was a frequent attendant at the 
vanous learned societies of which he was a member He was elected 
a Fellow of the Royal Soctefy iii 1649, and sened on the Council 
He joined the Institution oi Civd Engineers in the year 1830, was a 
member of Council, and filled the office of President from 1856 to 
1858. Qe was also a Member of the Geological, Geographical, 
Astronomical, and Meteorological Societies, and of the Institute of 
Mechanical Engineers, as well os of numerous societies m ilie coun- 
tiy. The honorary degree of D C L was conferred upon him by the 
University of Oxford in 1857, and he had previously received a 
similar honour from the University of Durham 

A most successful professional career, unceasing activity and in¬ 
dustry, combined with wisely considered investments, resulted in 
producing a very large fortune, which he employed during his life¬ 
time most liherallv, and from which at his decease, after providing 
mumficently for his numerous relatives, and recollecting all his fnends 
and dependents, he bequeathed upwards of £2&fiQ0 to a few chari¬ 
table institutions and scientific societies,—and this after havmg given 
such sums as jC^ 3000 at a time to the Literary and Philosophical So¬ 
ciety of Newcastle, to relieve it from debt, and to extend its sphere 
of utility, especially to youqg men of the working class—an advantage, 
by which Stephenson himself had profited in early life, and which he 
had never forgotten 

The health of Mr Stephenson had not been good for the last two 
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years; and just before Ins last journey to Norway, he had complained 
of want of strength. Wliilst in Norway he was >ery unwell, and ex¬ 
hibited such symptoms of decided liver complaint as induced his 
speedy return During the voyage, heavy weather was oxpeneneed 
in the North Sea, and he was very sick and ill On his arrival at 
Lowestoft, he was so weak as to be earned from his yacht to the rad¬ 
way, and from thence to his bed, at his residence in Gloucester 
Square, where his state grew so rapidly worse as to leave hut faint 
hopes of Ills re( overy The affeetion of the liver was deeper than 
had been at first suspected, and was associated with furtlier internal 
disease, and although his state was for a time alienated, there was 
not sufficient strength to struggle against the malady, which termi¬ 
nated his valuable life on the 12th of October, 1859 

Tliorougb uprightness of character was in Mr Stephenson joined 
with an amiable disposition, and he conciliated the affectionate regard 
of all with whom he CAme into immediate relation To those who 
stood m need of his bounty his hand was ever open, but his bene¬ 
ficence was without display, and be rejoiced in an occasion of doing 
good unseen His great care was for the children of old friends who 
had been kmd to him m early life, and many young hearts, who owe 
their present position to his kmd solicitude and generosity, will mourn 
his irreparable loss 

Mr. John Wflsh, Superintendent of the Kew Observatory, was 
bom at Boreland, in the Stewartiy of Kirkcndbnghty on the 27th 
of September, 1824 His father was George, the eighth son of 
John Welsh, Esq , of Croigenputtock, a small estate m that distnot, 
which had been m the family from on early period. Mr George 
Welsh, who was extensively engaged m agriculture, died in 1835, 
and his widow with his two sons settled at Castle Douglas, where 
the elder—the subject of this notice—continued his preparatory odu- 
oatioii, and the younger died m 1841, in his 13th year. 

In November 1639, Mr John Welsh entered the University of. 
Edinburgh, and studied Mathematics and Natural Philosophy, under 
Profeasori Kellaud and Forbes, with a view to the profession of a 
Civil Engineer. Ho attained the higbbt prize but one of h» year, 
also pnzes in Classics, he also studied Geology in the lecture- 
room and in the field, under the late Professor Jameson 
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In December 1842^ Sir Thomas Unsbanej Bart, President of the 
Royal Society of Edinbargh, with tkie advice of Professor J D 
Forbes, engaged Mr Welsh as an observer for his Magnctical and 
Meteorological Observatory at Makerstouii, under Mr John Allan 
Broun, F R S , the Director, who, in his Report for 1845, says,— 
“ 1 owe my best thanks to my }>rmcipal assistant, Mr John Welsh, 
for the care and assiduity with which he assisted me on all occa¬ 
sions, whether connected with the making or reducing of the ob- 
senations The more dilhcult observations for the raagnctii dip, 
and all the determinations of constants, were made by Mr Welsh 
and myself 

In 1850, the period origuially contemplated by Sir Tbomas Bns- 
batte for the duration of the Observatory being completed, Mr Welsh 
was anxious to obtain some other scteiitihi^ appomtment. To aid 
him in the attaiuineiit of this object. Sir Thomas gave him a letter 
of introduction to Colonel Sykes, F 11 8 , at that time Chairman of 
the Kew Cumiiuttee of the British AsHociation, Mr Broun also 
wrote to Colonel Sykes, expressing his liigh opinion of Mr Welsh*s 
baentific ability , and accordingly, at tlie Edinburgh Meeting of the 
British Association lu 1850, the Kew Committee rpported that they 
had engaged Mr Welsh to assist Mr Ronalds, F R.S , who had, 
ever since the establishment of the Observatory, gratuitously under¬ 
taken the office of Superintendent From this period to within a 
short time of his death, Mr WMsh devoted himself to scientific 
labour lu that establishment, upholding and, year by year, increasing 
the efficiency of n jihysical Observatory, which, without any pecu¬ 
niary aid from Government, has, since its commencement, been 
entirely supported by annual grants from the British Association, 
assisted from tune to time by donations from the Royal Society 

In 1851, shortly after his appointment to the Kew Observatory, 
Bir Welsh presented to the Association an elaborate Report on the 
performance of Mr Roualds’s three Mognetographs, and at the same 
moetuig (Ipswich) he desenbed a Sbding Rule for Hygrometncol 
Calculations, and one for converting the observed readings of the 
HoruEontal- and Vertical-foTCG Magnetometers into variations of mag¬ 
netic dip and total force i both sliding rules being devised by himself. 

In tlie same year, the Committee, being imjiresaed with the im¬ 
portance of enabling scientific observers at home and abroad to 
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ubtaiiij at a moderate coBt, barometers and thermometers of more 
accurate construction and trustworthy character than those usually 
soldi directed Mr Welsh to undertake a senes ot expenments for 
that object Tlie results of his labours were most satisfactory, and 
are folly described in a paper pnnted in the lle{>nrtfl of the Asso¬ 
ciation for 1S53 Aecordingly, at the present time, standard instru¬ 
ments are suiiplicd to scientific investigators direct from the Obser¬ 
vatory, and barometers and thermometers which have been compared 
With the standards at Kew, and each accompanied with its special 
table of corrections, are not only supplied to the Government De¬ 
partments of the Admiralty and the Board of Trade, but can now be 
obtained from any instrument-maker at greatly reduced prices 
In the summer of 1852 Mr Welsh madeiour ascents in a balloon, 
for scientific objects A detailed account of these ascents and of the 
expenments he performed, with a description of the various instru¬ 
ments employed, and a statement of the general results obtauicd, 
was communicated to the Koyal Society in 1853, and published in 
the * Philosophical Transactions * for that year 

Sir John Herschel, in his article “ Meteorology’* in the 8th edi¬ 
tion of the * Encyclopfcdia Bntanmca,’ makes the following remarks 
on Mr Welsh’s performance •—"All the observations were con¬ 
ducted with scrupulous precision, and the reductions very scienti¬ 
fically made, these four ascents leaving nothing to desire in pouit 
of instrumental appliances and scientific precision in their use ” 

In 1854, Mr Welsh, at the request of the Kew Committee, under¬ 
took a senes of experimental investigations on the action of the 
mercury in manne barometers, known under the term of “ pump¬ 
ing.” For this purpose, he went, m company with Mr, Adie, to 
Leith and back m a steamer, and subsequently to the Channel 
Islands The result of his observations led him to the condusion 
that the tube of a marine barometer should, lu order to reduce the 
pumpings, be contracted, so that the mercury will take about twenty 
minutes to faU from the top of the tube to the height indicating the 
true pressure, and that by this means the probable error from the 
cause indicated would not exceed 0 01 of an inch The account of 
those experiments was published in the kew Report for 1853. 

In 1655, 111 consequence of its having been represented to the 
Committee that Uer Majesty’s Government ucre anxious that mag- 
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netical and meteorological inatrnincnts, aliowmg the ad\uiiced state 
of those sciences m this country^ should be sent to Uie Pans Exhi¬ 
bition, Mr Welsh was requested to proceed to Paris with the instru¬ 
ments and to Bupermtend the arrangements An account ol the 
lustrumonts appears ui the Report of 18r>5 of the Kew Committee 
In the * Philosophical Transactions’ for 1856 there is a paper ot 
Mr Welsh’s entitled An Account of the Construction of a Standard 
Barometer, and Description of the Apparatus and Processes em¬ 
ployed ui the Verification of Barometers at the Kew (Observatory ,** 
and m the * Proceedings of the Royal Society/ vol vi, a Report ot 
the general process adopUd in graduating and comparing the 
Standard Meteorological Instruments for the Kew Observatory, 
also a Re}iort of the graduation of Thermometers supplied from the 
Observatory for the use of the Arctic Searching Expedition under 
Sir Edward Belcher 

111 January 1850, a series of monthly determinations oi the abso¬ 
lute mnguetical torce, and ot the magnetic dip, was commenced at 
the Observatory by Mr Welsh, with matrumeuts provided by General 
Sabine from his department at Woolwich , and in the same year a 
set of self-recording magnetometers were constructed these were 
arranged m the basement of the Observatory, and have been iti action 
since January 1858 In the Report of the British Association for 
1856, Mr, Welsh described a process for the graduation of boiling- 
pouit thermometers intended for the measurement of heights 

In 1857 Mr Welsh was elected a Fellow of the Royal Society—a 
position, to which his qualifications fully entitled him to aspire, but 
which bis natural difiideuce would have led him to postpone, had it 
not been urged on him by those who ajiprcciated Ins nients. To 
his personal fnends he always spoke with feelings of gratitude of the 
mode in which his services to science had been thus recognized 

Twenty years having elapsed since the execution of the Magnetic 
Survey of the British Islands, it was determmed by the British 
Association that another survey should be made. With this view, a 
Committee, cousistuig of tlie same five members by whom the former 
survey was conducted, with the addition of Mr. Welsh, was appointed, 
and Mr Wdsli undertook the Magnetic Survey of the North British 
division of the United Kingdom In the summer of 1857 he deter¬ 
mined the magnetic elements at thn (y -one stations, and in the summci 
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of last year he resumed hts labours, completing the survey at twenty- 
four other stations in Scotland and the adjacent islands 

Through the winter of 1857-58, Mr. Welsh had snlFered from 
an affection of the lungs, aud on hia return from Scotland, in the 
autumn of 18o8, the disease had evidently made rapid progress 
Arrangements had been made which would have enabled him to pass 
the winter in a tropical chmate, but acting under the beet medical 
advice that could be procured in the metropolis, he, accompamed by 
hiu mother, pro<%cded to Falmouth In that place, by the kindness 
of Mr. 11 W Fox and Ins family, Mr Welsh received every attention 
which tlicy had it m their power to offer His only regret during 
hu ilineas appears to have been his inability to complete the works 
he had undertaken He died on the lltliof May, 1859, in the d5th 
year of his age, not less esteemed for his prn ate worth by those who 
had the pleasure of his acquouitauce, than ajipreciated for his emi¬ 
nent abilities and valuable scn'ices by men of science. 

F£TKR GtiBTAV LejiuUnk Dirichlet was born at Duren, where 
his father was Comimssoire de Fosic, on the 13th of February, 180^ 
After going through the course of instruction followed in the Gym¬ 
nasium of Cologne, he went to Pans to contmue hts studies, and 
in May 1823 he bccamh tutor in tlie family of General Foy Hero 
he formed an acquaintance with the most distmgmshed mathema¬ 
ticians of France On the recommendation of Fourier, who was 
the first to appreciate his genius, and aided by Gauss, Yon Humboldt 
procured for him an appointment in Prussia In November 1827 
he obtained the jiosition of Teacher in the University of Breslau, 
and in the year following was nominated Professor Extraordinary 
Being appointed soon after to lecture at the Eoyal Military School 
of Berlin, he became Professor Extraordinary in the University of 
that place* On the 13th of February, 1832, he was elected a Member 
of the Royal Academy of Sciences of Berhn , on the 6th of May, 1833, 
Corresponding Member of the Institute of France, in 1833 Corre¬ 
sponding Member of the St Petersburg Academy , in 1839 Ordmary 
Professor of tbe University of Berlin, in 1846 Member of the 
Gottingen Academy of Sciences In 1847 a Professorsliip in the 
University of Heidelberg was offered to him In 1854 he was elected 
Member of the Academies of Stockholm and Munich, and Foreign 
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Associate of the French Academy, and in 1855 Member of the Bel¬ 
gian Academy^ and Foreign Member of the Hoyal Society 

After the death of Gauss he was appointed IVofessor of the 
Higher Mathematics in the University of Gottingen, lu the spring of 
1855, and entered upon the duties of his office in the autumn of the 
same year lie returned m bad health from an excursion m Switz¬ 
erland in the autumn of 1858, and died at Gottingen on the 5th of 
May, 1859 

By his death the University of Gottingen has lost not only a di- 
Btinguisiied teacher and a man of the brightest intellect, but per¬ 
haps the only mathematician of the lime likely to succeed in com¬ 
pleting the unfinished works of Gauss, a task which he had declared 
himself willing to undertake 

His matheinatical memoirs, the first of which was presented to the 
Institute of France in 1825, are too numerous to admit of introducing 
their titles mto this notice They arc published m the * Transactions * 
of the Berlin Academy from the year 1833 to 1854, in 'Crelle’s 
dournar from 1828 to 1857, in the *MonRtsbericbte* of the Academy 
for 1852-1856, and in volumesu , v , ix , xu of ‘ Liouville’s Journal ’ 

Thl Baron Friedrich Heinrich Aiixandfr von Hom- 
B01.DT, was the secKmd son of Alexander George von Humboldt, 
descended from a noble Pomeranian family Ilia fatlier was a major 
in the Ih-usBian army, and had served with distinction as aide-de-camp 
to the Duke Ferdinand of Brunswick in the seven years* war The 
distinguished subject of our present brief notice was born at Berhn on 
the 14th of September, 17C0 At the age of teu years he lost his father 
From 1787 to 1789 he studied, first for some months m the Univer¬ 
sity of Frankfort on the Oder, and afterwards m that of Gottingen 
During the vacations, he made geological excursions to the Harz, 
and on the batiks of the Rhine, and pubhshed the results of his 
observations under the title * Ueber die Basalte am Rhein, nebst 
Untersuchungen uber Syemt und Basamt der Alten ' lu the spring 
of 1790 be made a hasty excursion through Holland, England, and 
France, in the company of George Forster, who sailed with Cook in 
his second voyage round the world. On his return from this excur¬ 
sion, he passed some months at Hamburg, prepaid himself for a 
post 111 the Finance department of his native country In June 1791 
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he went to Freiberg, where he attended the lectures of Werner, and 
beeamo acquainted with Von Buch and Del Hio During his residence 
at Freiberg he collected the matennls for his work entitled ‘ Specimen 
Flortc Bubtorraneaa Fnbergensia ct aplionsimi ex phjsiologta chemica 
plantarum ’ After obtaining an appointment m the Administration 
of Mines at Berlin, ho filled the office of Director-General of the 
mines of Ansbach and Bnireuth from 1702 to 1797 During this 
time he prepared hia work on the irritability of muscular and nervous 
fibre On the death of his mother m 1796, his desire to travel 
increased He resigned the jiost of Director of Mines, and devoted 
himself to the study of practical astronomy under v Zach. After 
passing some months at Jena and Vienna, he made an attempt to 
>tstt Italy, accompanied by v Buch, for the purpose of examining 
the volcanos of that country Being forced by the war of which 
Italy was the scene to relmquish this undertaking, he passed the 
winter of 1797-1798 in the study of meteorology at Salzburg and at 
Berchtesgaden. He was invited by Lord Bristol to accompany an 
exploring party into Upper Egypt, and went to Paris to procure the 
necessary instruments On his arrival, m May 1798, he was apprised 
of the failure of I^rd Bristol’s project in consequence of the departure 
of the French expedition for Egypt Here he became acquainted 
with his future fellow-traveller Bonplaiid He obtained pemrussioD 
from the Directoiy to accompany Baudm in his voyage round the 
world The sailing of this expedition having been postponed, he 
made an attempt to join the French in Egypt Failing, however, in 
consequence of the non-arnvol of a Swedish fngato in which he hod 
been promised a passage to Turns, he went to Spain, accompanied 
by Bonpland, wh9re he passed the winter of 1798-1799 Encouraged 
by the Spanish Minister, Luis dc Urquijo, to visit Spanish Amenea, 
he and Bonpland embarked at Corunna on the 5th of June, 1799 
They landed at Santa Cruz on the 19th of June, ascended the Peak 
and explored the Island of TenenfFe On the 16th of July they 
reached the Cumana. After having traversed Venezuela, the vaUeys 
of the Ormoco and Amazon, the countnes of Peru and Mexico, 
Humboldt embarked on the 7th of March, 1894, for the Havana, 
where he remained sue months^ After visiting the Umted States, he 
sailed from America on the 9th of June, and landed at Bordeaux on 
the Hrd of August, 1804 
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He made Fteris litsreBidenoe fh>m 1803 till 1827, occupying Inm- 
self with the pubhcation of the results of his travels, in eight 
separate works, and with various chemical and physical researches 
He visited Naples with Gay-Lussac and v fiuch m 1805 Dunng 
the residence of Prince William of Prussia in Pans in 1807-1808, 
Humboldt held a diplomatic appointment In 1814 he accompanied 
hjs elder brother Wilhelm v Humboldt, then sent on au embassy to 
Loudon, and was elected a Foreign Member of the Royal Society in 
1815 His ' M^moire sur les ligncs isothcrmes * appeared m 1817 
He was present at the Congress of Aix-la-Chapelle m 1818, mid at 
that of Verona lu 1822, and m the same year accompanied the late 
King of Prussia to Naples 

From the year 1827 he made Berlin his home In 1829 he 
travelled with Ehreuberg and G Rose, under the auspices of the 
Emperor Nicholas, through Siberia, as lar as the frontiers of China 
The results of this journey, which lasted nine months, are pub¬ 
lished mhis * Asie Ceutrale,’And in G Rose’s * Heise nach dem Ural, 
Altai, und dem Caspischen Meere * 

After the French Revolution of 1830, v Humboldt was coinmis- 
Bioned by Frederick William III to recognize the accession of Louis 
Philippe on the part of Prussia About this time be completed his 
'Examen critique de la Gdographie du nouveau Continent/ In 
1841 be accompanied King Fredenck William IV to England, and 
visited Pans for the last time in the wmterof 1847-1848 In 1845 
ho published the first volume of * Cosmos,* a work which may be 
regarded as a development upon an extended scale of his * Ansichtea 
der Natur,’ the third edition of which ajipeared in 1849. The first 
part of the fourth volume of' Cosmos’ appeared early in 1858, the 
second part is so far prepared that uo obstacles to its completion are 
anticipated 

He enjoyed good health till near the end of his life. In October 
1858, he was attacked by an lUness from which he never com¬ 
pletely recovered On the 2l8t of April, 1859, m consequence of a 
cold, he was unable to leave his bed. He retained the use of his 
faculties till the morning of the 6th of May, when he became speech¬ 
less, and died at half-past two in the afternoon of the same day. 

In 1852 the Royal Society awarded him tlie Copley Medal for his 
eminent services in Terrestrial Physics, and he consideied this to be 
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the highest honour he had ever received A letter from l)r, Fertz* 
the Librarian of the Rojal Libraiy at Berlin, to Sir Charles Lyell, 
states, that the Medal was found after his death amongst the objects 
which he wished to be for ever preserved m the family archives at 
TegeL The outer envelope of the box containing the medal bore this 
inscnption m his own handwriting • ** Die wiohtige beruhmte Gop- 
Iqrsdie Freia^Medaille der konighchen Societat (in meiner Famihe 
aufzubewahren in Tegel) A1 Humboldt Sept. 1868.’* On the 
extenor envelope be bad wntten: ** Das ehrenvoUste, das ich beaitze, 
die beruhmte Copleysche Ehien-Medaille der konighchen Societat 
zu London von 1852 in famihen Archiv zu Tegel aufzubewahren 
A1 Humboldt 6 Marz, 1859 

Looking forward to the probable appearance of a complete biography 
of this illustnous philosopher and traveller at no very distant period, 
it IS needless at the present time to enter more fully into the details 
of his life and labours 

Kahl lliTTKR was bom at Quedlmburg on the 7th of August, 
1779. Hu education was completed m the University 'if Halle. 
In 1798 he became tutor m the family of M, Bethmann HoUweg, 
and travelled with his pupils through a large portion of Europe 
He then went to Gottingen, lu order to avail himself of the library 
of that place in prosecuting his researches m ancient history. After 
four years’ assiduous labour, he succeeded Schlosser as Professor of 
History at Frankfort, be was then chosen Professor of Geography 
in the Military School, and afterwards Profbssor of Histoiy in the 
Umversity of Berhn 

He was a Knight of the Order Four le M^nte, Member of the 
Academy of Sciences of Berhn, Foreign Associate of the French 
Institute, Foreign Member of the Academies of Sciences of Gottm* 
gen, Copenhagen, St. Petersburg, and Munich, Honorary Member of 
the Vienna Academy of Sciences, and of numerous other literary and 
scientific societies He was elected a Foreign Member of the Royal 
Society in 1848. He died on the 28th of September, 1859 

The most important of Bitter’s works is the second edition of the 
* Allgememe veigleichende Geograpbae,’ the first volume of winch 
appeared in 1822, and the twenty-third in 1850, accompanied by 
an Atlas, on which Etzel, Gnmni, Malilmaun and Kiepert have 
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laboured in auooesnon. This work, though still incomplete (of the 
three parts the author intended to devote to Asia Minor* only two* 
parts xvui and xix have been published)* is considered the most valu* 
able work on Geography in existence Among the other writings of 
Ritter* the following deserve especially to be mentioned *—* Europe 
eingeographisch-statistischesGemalde* (1807)* Vorhalle Enropais- 
cher Volkergebilde vor Herodot’ (1820)* ‘the Stupas’ (1838)* 
*dic Colomsirung von New-Seeland* (1842), 'Blick auf das 
Nilquell-land’ (1844) , * der Jordan* und die Bcschiffung desTodten 
Meeres' (1850)* *Bhck auf Palestma’ (1852), 'das Kameel’ 
(1852) Many memoirs by Ritter have appeared in the 'Trans¬ 
actions ’ of the Berlin Academy* and in the ' Journal of Universal 
Geography * Some of these liave beeu collected and jmbhshed under 
the title of ‘ Einleitung zu eincr mehr wisscnschaftlicheu Bchandlung 
der Erdkunde/ 

These labours entitle M Ritter to be considered as the creator of 
scientific geography Instead of limiting geography to collecting 
isolated facts* and descriptions without logical order* he tried to 
discover the natural and intimate relations which exist between a 
country and its inhabitants employmg all the ideas which history 
and the natural sciences supply* he has drawn conclusions* which have 
erected the geography of the present time into a kind of physiology 
of tlie earth 
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PROCEEDINGS 


OP 

THE ROYAL SOCIETY. 


May S, 1859 

Sir BENJAMIN C BllODlE, Bart , President, in the Chain 

In accordance with the Statutes, the President read the following 
list of Candidates recommended by the Council for election into the 
Society — 

Samuel Husbands Beckles, Esq 
Frederick Crace Calvert, Esq 
Henry J Carter, Esq 
Douglas Galton, Esq 
William B Herapath, M D 
George Murray Humphry, Esq 
Thomas Sterry Hunt, Esq 
John Denis Macdonald, Esq 

The following oommumoations were read:— 

1. Propositions upon Arithmetical Progressions/’ By F, Elb- 
PANTi, Esq. Communicated by AnTBun Cayley, Esq. 
Received April 6,1859. 

(Abstract) 

The author sketehes the investigation of the way of throwing 
vanooB aeriei of integer terms into arithmetical progressions, inch as 
the sums of squares, cubes, &c of figorate numbers, of the powers 
of a number, &c. He also gives the resolution of a given number, 
VOL X B 


William Odling, Esq 
Robert Patterson, Esi) 
John Penn, Esq 
Sir Robert Schomburgk 
Thomas Watson, M D. 
Bennet Woodcroft, Esq. 
Lieut-Col. W Tolland 
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in certain cases, into an arithmetical progression Thus, having the 
theorem that N can be resolved into an arithmetical progression 
when 16 N +1 IS a square, he is enabled to detect factors in N, he 
thus shows that 207*1519603 has 43 and 101 among its factors 
Among theorems which tlie method gives, may be noticed the 
following, as one of a peculiar and unstudied class If in the senes 
1, 3, 5, 7, &c four terms be taken, and the next one omitted, then 
the four next terms taken and the next three omitted, then four 
terms taken and Jive omitted, and so on, the four terms taken will 
in every case consist of numbers prime to one another 


II Abstract of a Memoir the Electric Properties of 

Insulating or Non-conducting Bodies By Professor 
CARno Matteucci of Pisa Communicated by Major- 
General Sabine, K.A., VP and Treas. US. Received 
April 14, 1859 

The object of the author m the first part of this memoir is to 
ascertain by experiment what condition is assumed by insulatiug or 
non-conducting bodies in the presence of an electrified body, and in 
what degree such condition is developed m insulating bodies of 
different kinds In a memoir pubhshed nearly ten years ago (Ann 
deChim ct de Phys , xxvu p 134), he had shown that a cylinder of 
gum-lac, sulphur, stcanc acid, or the hkc, suspended by a filament 
of silk, and brought near to a body charged with elcctncity, begins 
to oscillate m the same way as a cyhuder of metal The non-con¬ 
ducting cylinder, whilst under the influence of uiduction, beliaves 
like any body charged with opposite clcctncities, and returns to its 
natural state when the induction ceases 

These experiments have now been very carefully repeated with 
cylmders formed of various insulatmg substances, made as nearly as 
possible of the same length and perfectly diselectrized. Hie air was 
rendered perfectly dry, and the inducing ball was charged with 
electricity to a constant degree, measured by the tomon-balance. 

After giving a numerical statement of the tune of osciUation and 
the moment of the induced force, as determined by expenment for 
cylinders of different insulating substances, and aft^r desenbuig othgr 
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expenmcnts intended to prove tbe insulating property of the ma- 
tenals employed, the author goes on to observe that there is but one 
way of explaining the phenomena in question, namely, by supposing 
that the individual particles or molecules of the non-conductuig 
cyhnder acquire different electrical states at their opposite extremi¬ 
ties, and that these electrical states, while they are readily developed 
and neutralized within each particle, meet with great resistance in 
passing from one particle to another,—a condition of non-conducting 
bodies which constitutes the molecular electric polarization of 
Faraday 

The author then gives the result of some experiments on the 
amount of electrical charge communicated to, or given out by an 
insulated conducting ball surrounded, at one time by air, at another 
time by an insulating substance, such as sulphur 

In conclusion, the author thmks that the following propositions 
may be regarded as rigorously demonstrated by expenment — 

1 The effects produced on insulating eyhnders in the presence 
of an electnhed body, depend on the state of molecular electric 
polanty which that body dcvelopcs in the cylinders , and thus the 
hypothesis of Faraday is directly demonstrated by expenment. 

2 Other circumstances being alike, the insulating power of a 
substance is greater in proportion as its degree of polarization is 
weaker 

3 The clectnc capacity ot a conducting body—that is, the quan¬ 
tity of clectncity which it ocquires when plated in communication 
with a source of electricity—^is much greater when the body is 
surrounded with sulphur, or some other solid isolating substance, 
than when surrounded by air Similarly, the body being dectnfled 
from the same source and then surrounded with sulphur, or else 
surrounded with air, afterwards yields to the same conductor much 
less electricity m the former case than m the latter 

4 The effects produced by insulatuig plates interposed between 
the armatures of a Leyden jar or of a magic square are explained, 
together with the phenomena previously described, both by the 
penetration of the electricity into the interior of the msidating sub- 
stance, and the propagation of electricity along the surface of the 
plates 

b2 
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III. ''On the Synthesis of Acetic Acid^' By J A. WA^^KLYN, 
Esq. Communicated by Dr E Frankland. Received 
April 27,1859 


1 have elsewheie* shovin that a salt of propionic acid results 
when carbonic acid is brought into contact with a compound consist¬ 
ing of ethyl and an alkali-metal Guided by a well-known principle, 

1 also inferred that an analogous reaction is common to the whole 
Time senes 

Believing, however, that it was desirable to investigate other mem¬ 
bers of the senes, I have since undertaken the case of the corre¬ 
sponding methyl-compound, and find that it fully bears out the law, 
as will be manifest from the following details 

Some sodium-methyl in mixture with zinc-methyl, zinc, sodium, 
and ether was obtained by acting with sodium upon a strong ethereal 
solution of zinc-methyl The product so obtained was divided into 
two portions—one of which was exposed to the action of a current 
of dry carbomc acid, and the other reserved for companson 

During the transmission of carbonic acid, the sodium-methyl 
became hot After the completion of the reaction, the resulting 
solid was treated with a little mercury, in order to convert any free 
sodium into an amalgam, which would not decompose water with too 
great violence 

Subsequent distillation of the product, with excess of dilute sul¬ 
phuric acid, yielded a distillate having most distinctly the smell and 
taste of acetic acid This acid distillate was redistilled, when it 
proved to be free from sulphuric acid. 

Some of it was converted into a silver-salt by digestion with oxide 
of silver This silver-salt was dissolved in hot water, filtered hot, 
and allowed to crystallize on cooluig An abundant crop of crystals 
separated, which was drained from the mother-liquor, the employ¬ 
ment of a filter being avoided The crystals were afterwords dn^ 
ta vacuo over sulphuric acid until they no longer lost weight. 

Determinations of silver were made by igmtion, the resulting silver 
being reheated and reweighed until it remained constant 


* Sec Quarterly Journal of the Chemical Society, July 1658, page ISO 
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I 0894 gramme of the salt gave 0580 gramme of metallic silver 
II 1597 gramme of the salt gave 1022 gramme of metallic silver 
Comparison of these results with the composition of acetate of 
silver gives as follows 

Calculated Found 



Per-centnge of Silver 64 67 64 88 64 00 

which leaves no doubt as to the presence of acetic acid 

Still further proof of the same was obtained by converting a little 
of the acid into a soda-salt^ and heating it with arsemous acid 
Abundance of kakodyl was evolved 

In order to remove any doubt which might exist as to the 
source of this acetic acid» and to show that it did not arise from 
oxidation of the ether which accompanied the sodium^methyl, 1 
operated upon some of tlie original sample whi(*h had never been 
exposed to carbonic acid, and which, as previously mentioned, had 
been laid aside for comparison 

1 mixed It with a httle mercury, distilled with excess of dilute 
sulphuric acid, and digested the redistilled distillate with oxide of 
silver, using the same samples of acid and of oxide of silver as m 
the former experiment 

The distillate neither smelt like acetic acid, nor yielded acetate of 
silver on spontaneous evaporation to dryness in vacuo of its product 
with oxide of silver Neither could kakodyl be obtained on heatmg 
Its soda-residue with arsemous jicid 

From all which it is evident that the acetic acid obtained must 
have been the product of the action of carbonic acid The following 
conclusion is, therefore, established — 

Diy corbomt acid is decomposed by sodium-methyl with evolution 
of heat, and production of acetate of soda, 

Sodlum-metfay} Acetate of loda 

c.o.+'NrcTii, 6 ,o.c,h.Jo,. 

1 hope also to be able to present shortly an account of the action 
of carbonic acid on one of the higher compounds of the alkah- 
metals—most probably on potassium or sodium-amyl 
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May 12, 1859 

Sir BENJAMIN G BRODIE, Bart., President, in the Chair 

The following communications were read — 

1 On the Resistance of Glass Globes and Cylinders to collapse 
from external pressure, and on the Tensile and Compressive 
Strength of various kinds of Glass By Wjlijam Fair- 
bairn, Esq, G.E., F R S , and T. Tate, Esq , F R A S 
Received May 3, 1859 

(Abstract) 

The researches contained in this paper arc in continuation of those 
upon the Resistance of Wrought-Irou Tubes to collapse, which 
liave been published in the *Plulosophical Transactions’ for 1858 
The results arrived at m those experiments were so important as 
to suggest further inquiry under the same conditions of rupture 
with other materials, and glass was selected, not only as differing 
widely in its physical properties from wrought iron, and hence well 
fitted to extend our knowledge of the laws of collapse, but because 
our acquaintauce with its strength m the various forms in which it 
18 employed in the arts and in scieutific research is very limited. 
To arrive at satisfactory conclusions, tlie experiments on this mate¬ 
rial were extended so as to embrace the direct tenacity, the resist¬ 
ance to compression, and the resistance to bursting, as well as the 
resistance to collapse 

The glass expenmented upon was of three krnds:— 

Spedfle gravity 

Best flinUglass 3 0782 

Common green glass . 2 5284 
Extra white crown-glass 2 4504 
Tenacity of Glaee —For reasons detailed by the authors, the ex¬ 
periments upon the direct tenadty of glass made by tearing speci¬ 
mens asunder are less satisfactory than those m the rest of the 
paper, and it is argued that more reliance is to be placed upon the 
tenacity deduced firom the experiments on the resistance of globes 
to bursting in which water-preuure was employed, than upon the 
tenacity obtamed directly by teanng specimens asunder. The 
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results obtained by the latter method give the following mean 
results:— 

Tenacity per square inch 
IB pounds 

Flint-glass 2413 

Green glass * 2896 

Crown-glass 2346 

Re9i9tance of to Cruahtng —^The expcnments in this section 
were made upon small cylinders and cubes of glass crushed between 
parallel steel surfaces by means of a lever The cylinders were cut 
of the required length from rods drawn to the required diameter, 
when molten, and then annealed, m this way rctainmg tlie exterior 
and first cooled skin of glass. The cubes were cut from much 
larger portions, and were in consequence probably m a less perfect 
condition as regards anneahng Hence, as might have been antici¬ 
pated, the results upon the two classes of specimens, although con¬ 
sistent m each case, differ widely from one another 
The mean compressive resistance of the cylinders, varying lu 
height from 1 to 2 inches, and about 0 75 inch in diameter, is given 
m the following Table - 


Ueuription of 

Hel^t 

cjUnder 
iu inchci 

Mean 

eniiililijg freight per iq in 

Houl 

cruihtng weight per iiq In 

in pound* 

In tons 

m pound* 

in tone 

( 

— 

29,168 


99 


nmUglsis . < 


20,775 

9 274 


12 313 

l 


32,803 

14 644 

99 


f 

Si 

22,(83 

10 081 

B9 


Gieen glass < 

19 

35,029 

15 628 


14 227 

1 

■9 

38,103 

16-971 

99 


1 

1 

10 

23,181 

10346 


13 840 

1 ^ 

15 

38,826 

17*332 




The speotmens were crushed almost to powder by the violence of 
the concussion, it appeared, however, that the fracture occurred in 
vertical planes, sphttu^ up the specimen in all directions Cracks 
were noticed to form some tune before the specimen finally gave 
way; then these rapidly increased m number, splitting the glass 
into innumerable pnsma, which finally bent or broke, and the 
speamen was destroyed 
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The following Table givea the results of the expenments upon the 
cut cubes of glass — 



Moa» remstnnee to cru»hin(r 

m pounds 

in tons 

Flint*glaM 

13,130 

6H61 

Green glass 

20,206 

9 010 

Crown-glass 

2l,Bb7 

9 762 


Hence, comparing the results on cylinders with those on cabes> we 
hud a mean superiority in the former case in the ratio of 1 6 1, 
due to the more perfect auncahng of the glass 

On the Renetance of Glass Globes to internal presmre —In tliese 
expenments the tenacity of glass is obtained by a method free from 
the objections to that before detailed Glass globes, easily obtained 
of the requisite sizes, in a nearly spherical form, were subjected to 
an uiternal pressure obtained by means of a hydraulic pump, uni¬ 
formly and steadily increased till the globe gave way The hues of 
fracture radiated in every direction from the weakest part, pasting 
round the globe as meridians of longitude and splitting it up into 
thin bands, varying from -^th to |th of an inch in breadth. 

The following Tabic gives the results of the experiments on the 
resistance of gloss globes to internal pressure — 


IHwlptlon of glMS 

Ihuneton 

Thickness 

Hunting pieisun 
per square Inch 

——— 

Xndu>s 

inches 




4 0 x3»8 

0 024 




4 0 X4(»8 

0025 




^ 40 

0038 


Flint-glass ^ 


4 5 X4 55 

0 056 

280 



St X518 

0 058 

184 



6*0 

0 059 

152 



4 95X5*0 

0*022 

00 



4*95x5*0 

0 020 

85 



4 0 X4 05 

0 018 

84 

■B 


40 X403 

0 01b 

82 


j 

4 2 X4*35 

0 025 

120 



4 05 X 4 2 

0 021 

126 



59 X59 

0 016 

69 

.llllllillillllH 


60 X63 

0 020 

86 
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The formula which expresaes Uie rdatiun of ihe buratiiig preesurc 
to the thickness and diameter of the globe, is— 



where a = the longitudinal sectional area of the material iii square 
inches, that is lu the line of rupture or line of miintnuni strength , 
A be the longitudmiil sectional area oi the globe iii square inches, 
and T = the tenacitj of the glass in pounds per square inch 
Heuce from the above exjierimcuts we deduce— 

Pounda 

Tbs 4200 for flint-glass, 
a;4S00 for green glass, 
ssOOOO for crown-glass 

0000sss mean tenacity of glass 

Here the mean tenacity is nearly twice that obtained in the experi¬ 
ments upon thick bars, a result, which perhaps corresfionds with the 
difference between the crushing strength of cylinders and cubes, and 
18 largely attributable to the condition of annealing 

On ike Reeutance oj Qlaee Globes and Cyhnders to an eontemal 
jiressvrc-—The manner of conducting these experiments did not 
differ in any essential detail from tliat pursued in the expcniueuts 
upon wrought iron The globes and cylinders, after having been 
hermetically sealed in the blowpipe flame, were fixed lu a wrought- 
iron boiler commuiiioatiug with a hydraulic pump In this position 
an mcreasmg pressure was applied until the globes broke, the 
amount of pressure at the time being noted by means of a Schaffer 
pressure gauge. Durmg the collapse the globes were reduced to 
the smalleBt fragments, so that no indication of the direction of the 
primary lines of fracture could be discovered 
The following Table contains a summary of ihe results ou gloss 
globes subjected to an external pressure 
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Pflwrlption of glim 



ColUpung pNMure 
pur squere Inch 



Inchm 

Inches 

Ptfunds 



5 05X4 70 

0 014 

292 



5 08X4 7 

OOIH 

410 



4 95X4 72 

0 022 

470 



5 G 

0 020 

475 



822X745 

0 010 

35 

Flint-glau « 


82 X72 

0012 

42 



82 X74 

0 015 

60 



4 0 Xd9B 

0 024 

(900*) 



40 

0 025 

(900*) 



60 

0 059 


Green glass 

5 0X5 02 

00125 



The following Table contains a similar summary of the results 
upon cylindrical vessels — 


Deienptlon of gUM 

Diunetun 

I^mgth 

Thickneu 

(oUnpslng ]iru«mre 
per square inch 



Inchee 

WKM nm 

InehM 

■Bmm 



3 09 


0 024 

HEIH 



3 08 


0032 




3 25 


0042 

175 



4 05 


0 034 

202 

nini-glMS 


4 05 ! 


0*046 

380 


4 06 


0 043 

180 



4 02 


0 064 

297 



3 98 

14 0 

0 075 

382 



4 05 

70 

0 079 

(800t) 


The paper includes an investigation of the laws of collapse as 
exhibited in the^e results^ and the following general formulee are 
obtained 

For glass globes * PaB28«300,000 x 

For glass cylinders P*as 740,000 x 

D u 

where P ■> the oollapsing pressure m pounds per square inch, 
it»thickness m inches, D and L«b diameter and length re¬ 
spectively m inches. 

* These globes remained unbroken 
t Remained unbroken 
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These are the general formule for glass vessels subjected to an 
external pressure, and the latter is precisely similar to that found 
for sheet-iron cylinders 

TVansvew Strength of Glate -^The authors denve the general 
formula 

W=3I40x O. 

ff 

where W « breaking weight m pounds, K « area of transverse sec¬ 
tion, D ss depth of section, I s length between supports,—to express 
the transverse strength of a rectangular bar of glass supported at 
the ends and loaded at tlie middle 


II "On the Atomic Weight of Graphite ” By Bknjamin C* 
Brouie, Esq, F.R S., Pres C S, Professor of Chemistry 
m the University of Oxford lieceivcd May 5, 1859, 
(Abstract) 

In tins paper the author arrives at the foUowmg results —^That 
carbon in the form of graphite forms a system of peculiar com¬ 
pounds, different from any compounds of carbon yet kiioun, and 
capable of being procured only from gp’apbitc That graphite, 
within certain limits, functions as a distinct tlernent, capable indeed 
of bemg converted by certain processes ot oxidation into carbonic 
acid and thus identified with the other forms of carbon, but having 
a distinct atomic weight, namely 33 (H=l) 

After the detail of certam expenments by which the author was 
led to believe m the existence of a distinct system of compounds of 
graphite, an account is given of a peculiar crystallme substance 
farmed by the prolonged oxidation of graphite This substance 
consists of transparent plates of a pale yellow colour, which exhibit 
under the microscope an appearance distinctly crystaUine. The ana¬ 
lysis of this substance gave for ita formula C,, O, (Cs= ] 2,0= 16), 
From the ratio of the hydrogen to the oxygeu m this substanoe, 
firom the circumstance that it is procured from graphite alone, and 
from its general physical properties, it is inferred that this substanoe 
IB the term in the system of graphite winch corresponds to the 
compound of silicon, oxygen and hydrogen, in the^stem of silicon, 
procured by Wohler from the graphitoidal form of that element. 
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and to which Wohler bus assigned the formula (Sis:21) 

If It be assumed that this coocLusioii is correct, the further infereuoe 
IB that the bodies arc similarly constituted On this hypothesis, to 
amve at the atomic weight of graphite, the total weight of carbon, 
132, IS to be divided by 4, which gives the number 33 , and for the 
formula of the body, putting Gr=33, we have Gr^H^O, 

This conclusion is confirmed in a remarkable manui r by the spe¬ 
cific heat of graphite The specific heat of the elemental bodies 
vanes inversely with their atomic weight This law is so well 
established, that llegnault has c\eu proposed to determine the 
atomic weight by it exclusively There are, at any late, only two 
numbers which can be assigned as the product of the specific heat 
into the atomic weight of the elemental bodies, namely, approxi¬ 
mately the numbers 3 3 and G G But to this law there is one sin¬ 
gular exception Carbon in all its forms is anomalous The specific 
beats of diamond, graphite, and wood-charcoal arc each diiferrnt, 
and taking the atomic weight of carbon as 6 or 1 i, no one is accord¬ 
ant with the law The specific heat of graphite is 0 20187* Now, 
taking the atomic weight of graphite as 33, we have 33X201s6 63, 
a result ui accordance with the law The inference is, that the 
assertion that 33 is the atomic weight of graphite is not only a con- 
venient expression of chemical analysis, but corresponds to a phy¬ 
sical fact 


May 19, 1869 

Major-General SABINE, B A., Treas. and V.F, in the Chair* 

» 

Professor Henry Darwin Rogers was admitted into the Society. 
The following communications were read — 

I. " On the Alloys/^—Port I '' The Specific Gravity of Alloys." 
By A. Mattuibsssn, PhD, Commumcat^ by Prof. 
Whsatstonb. Received May 17| 1869 

(Abstract) 

Before comineucmg a research uito the electric conductivity ot 
alloys, the author deemed it requisite, as a prohmiuary step, to 
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determuie their specihc gravities, and the methods employed and 
results obtained in this inquiry are given in the present paper 

The metals used were antimony, tui, cadmium, bismuth, silver, 
lead, mercury, and gold The silver and gold were obtained m a 
state of punty from the refiners, the other metals were purified by 
methods which are descrilied The quantity prepared of each alloy 
was twenty grammes The fused alloys were cast m a form and 
very thin, to avoid internal cavities from crystallization Three 
separate determinations were made of their specific gravity, which, to* 
gether with the mean result, are giveu in Tables In every case the 
alloy was recast at least three times before the first determination, and 
once ogam before each succeeding one The distilled water used 
m the weighing was first boiled and allowed to cool tn vacuOt and 
the alloys were suspended in it by a fine platinum wire, except the 
soft amalgams, which were weighed in a tube similarly suspended 
In calculating the specific gravities, the weight of water displaced 
was corrected for the temperature, the unit in all cases being distilled 
water at 0® C All the weighings were reduced to a vacuum, and a 
correction was made for the platmiim wire whn k dipped m the water, 

The numerical results are stated in three Tables, of which the first 
gives the specific gravities of the pure metals employed, and the tem¬ 
perature m Centigrade degrees, the sec'ond gives the same of the al¬ 
loys , and the third exhibits the mean specific gravities found, and the 
specific gravities as calculated,—1, from the volume of the metals 
forming the alloy, 2, from tlieir equivalent, and 3, from their weight 

From the last Table it appears that the alloys of antimony are 
greater m volume than the aggregate of the constituent metals, while 
those of bismuth, silver, and gold are less The following alloys ex¬ 
pand greatly on cooling, viz all those of bismutli-aiitimony, bismuth- 
gold, and bismutb-Bilver, which were experimented on, those of 
bismuth-tin, from Sn to Bi^ Sn, the rest of the senes very slightly, 
and bismuth-leod, viz* Pb and Bi^ Pb (Bi, Pb slightly), the rest 
apparently not at alL Of the bismuth cadmium senes, Bi^ Cd and 
Bi Cd^ expand very slightly, the rest not at all The zinc-alloys are 
tiSl BO very crystalline that no results of value were obtained re¬ 
specting them 

In makuig the determuations given in the paper, the author was 
assiBted by Dr M Holzmann and Mr C Long. 
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II " On the Anatomy of Vietma Bjegta ” Part II By Arthur 
HbnfrxTj Esq ^ F.B S ^ F L 8. &c ^ Professor of Botany 
in Kmg’s College, London Received May 6, 1859 

(Abstract ) 

This paper is a oontmuatioa of one published in the Philosophical 
Transactions for 1852 (p 289), and discusses the general question 
of the anatomical structure of the stems of Monocotyledons and 
Dicotyledons, especially in inference to some objections taken against 
the author’s views respecting the stems of the Nymphceaceee Cer¬ 
tain pccubanties of the structure of roots arc next examined, and 
these arc shown to be formed on the Dicotyledonous type in 
Vxeiona 

The germination of the seed is desenbed in a manner difPenng to 
some extent from the accounts given by Planchon, Trdcul, and 
Hooker The error of TnScul, in stating that tlie earlier leaves are 
devoid of a stipule, is shown to depend upon his overlooking the 
true axillary position of that organ 

The Phyllotaxy is next treated, with the development and arrange¬ 
ment of the leaves and roots, lastly, a complete history of the develop¬ 
ment ot the flower, showing that the apparently inferior position of 
the ovary depends upon a great enlargement of the receptacle after 
the formation of the vanous organs forming the flower 

III* “ On the Conductivity of Mercury and Amalgams." By 
F. Crack Calvert, Esq., and R. Johnson, Esq Com- 
mumcated by Professor Stores, Sec US. Received 
April 14,1859 ' 

(Abstract) 

The object of the researches described in this paper, was to carry 
out with reference to amalgams the investigations relative to alloys 
contained in a former paper In comparing the results of theory 
and expenment m the manner followed in the former paper, the 
eondnetmg power of mercury itself was a constant, which it was 
essential to know The figure given m the former paper was 
mercary=677, on the scale mlversslOOO On adopting in the first 
lustance this value of the conducting power of mercury, the results 



15 


obtained with alloys, which consisted mainly of mcrcuTy, appeared 
Tery anomalous, it seemed as if a very small per-centage of even the 
best conducting metals reduced immensely the conducting power of 
mercury But it was suggested to the authors, that the apparently 
high conducting power of mercury obtained by their method, was 
probably due to the transference of heat by convection, that the 
real conducting power of mercury for heat was low, like its oouduct- 
mg power for elcctnoity, that the other metal, contaiucd m small 
quantity m the amalgam, acted by rendenug the amalgam viscous, 
and thereby interfenng with the transference of heat by convection, 
and that the low conducting power of mercury would show itself on 
merely mclming the vessel used m the experiment, so that the box 
containing the warm water should be higher than the other Ex¬ 
periment confirmed this view As the apparent conducting power 
of mercury was found continually to decrease with an increase m the 
inchuation of the vessel, it was found necessary, lu order to obtam 
correct results, to arrange so that the bar-shaped box contaimng the 
mercury or fluid amalgam was actually vertical m the expenment. 
In tins way the authors obtained for mercury the figure 54, on the 
same scale as before It is worthy of remark, that mercury comes 
out the worst conductor of all the metals tried, the figure for 
bismuth, which had previously been the lowest, being 61. This is 
in analogy with water, also a fluid, the conducting power of which 
18 known to bo excessively low The conducting power of the more 
fluid amalgams determined by expenment witli the box vertical, 
proved to be m all cases nearly the same as that of pure mercury, 
m conformity with the law mentioned by the authors in their former 
paper, that alloys in which there is an excess of the number of 
equivalents of the worse conducting metal, over the number of 
equivalents of the better conductor, do not sensibly differ in con¬ 
ducting power from the worse conductor alone In the case of 
amalgams generally, the conducting power obtained by expenment 
was found to agree pretty closely with the number calculated from 
the per-centages and conducting powers of the component metals. 

In conclusion, the authors give some further oxpenments on the 
conduction of heat by compound bars, formed of metals placed in 
some cases end to end m alternate cubes, m other cases side by side 
in parallel bars, extending the whole length of the compound bar 



Among burs of th« latter kind« it was found that it was only in the 
case of bismuth and antimony that the compound bar cotiducted heat 
according to the calculated amount 


May 26, 1859 

Sir BENJAMIN C BRODIE, Bart, President, in the Chair 

The following communications were read — 

I, ** On the Intimate Structure, and the Distribution of the Blood¬ 
vessels, of the Human Lung ** By A T H Waters, Esq , 
Lecturer on Anatomy and Physiology, Liverpool Com¬ 
municated by Dr. Shahfey, Sec 11 S. Received Apnl 7, 
1859 

Having been recently engaged in investigaUng the anatomy of the 
human lung, 1 beg to lay before the Royal Society some of the results 
of my observations with respect to tlie arrangement of the ultimate 
niT-tuhcs and the distnbution of the blood-vessels of the organ 
The bronohial-tubcs of the lungs, after several divisions and sub- 
di>isions, which for the most part are of a dichotomous nature, 
terminate lu a dilatation, into which open a number of elongated 
cavities, winch constitute the ultimate expressions of the air-tubes. 
These elongated cavities, to which various names lia\c been given, 1 
propose to call atr-sacs, as being, in my opinion, more appropnate to 
their shape and arrangement than any term lutherto used, and the 
senes of air-sacs connected with the extremity of each bronchial 
twig, with its system o{ blood-vessels, &c, 1 shall call a lobuletie 
Every lobule of a lung is composed of a number of lobulettcs, and 
thus the desonption of a single lobulette will suffice for that of the 
entire lobule 

Each lobulette consists of a collection of air-socs, which vary in 
number from six to eight, ten or twelve. The air-sacs are some¬ 
what elongated cavities, oommumcating with the dilated extremity of 
a bronchial tube by a circular opening, which is usually smaller than 
the sac itself, and has sometimes the appearance of a circular hole in 
a diaphragm, or as if it had been punched out of a membrane which 
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had been stretched across the eiitraiici to the sac When this is the 
case, the sac ddates suddenly hevond the opening Tht sne^ of the 
lobulctte are placed side by side, and are separated from each othci 
by thm membranous walls Their shape, when properly inilatedi 
or when distended b} some material which has set in them, ns 
gelatine, or a mixture of wax and tur^ientme, is polygonal They 
approach the circular form, but in consequence of their mutual 
pressure, the parietes become somewhat flattened The sacs increase 
slightly in susc as they pass from the bronchial tube to their fundus, 
the latter being usually the broadest part of the sacs, but they often 
have an almost uniform diameter throughout All the sacs pass 
fixim the cxtrezmty of the bronchial tube towarda the circumference 
of the lobule of which the lobulette forms a part, they cxmseqiieiitly 
radiate from the tip of the bronchial twig The sacs connected with 
one lobulette do not communicate with those of another lobulctte 
As the sacs pass towards the boundary of the lobulette, they often 
bifurcate, and here and there cjrcular onfices exist, leading to 
smaller air*sacs, sometimes only to a small group of ** Rir*cclb,'’ or 
alveolt. If wc trace the air^sacs fioin theur fundus, we may say that, 
passing from the periphery of the lobulette, and dimmishmg some¬ 
what in Bixe, they all terminate in the dilated extremity of the bron¬ 
chial tube, as they thus proceed they often join two or three 
together, and these terminate in a single mouth The tube whuh 
results from the union of two or more sacs, is smaller in capacity 
than the sacs taken together, but greater than either of them indi¬ 
vidually The dilated extremity of the bronchial tube above alluded 
to constitutes the “point dc reunion” of all the air-sacs, and may 
he considered as the common centre of the lobulette 
The walls of which the air-sacs are composed are exceedingly thin, 
and much sacculated, t e they have in them a number of small, 
shallow, cup-like depressions, separated from each other by portions 
of membrane which are more or less raised and project into the 
interior of the sac The bottom of the air-sac presents the same 
appearance as the lateral walls, and the cujvhke depressionB, or 
aheolt, are there very numerous The number of these aheoh vanes 
very much; I have counted as many as ten at the fundus of an air- 
sac m a cat’s lung, in the human lung 1 have counted five and six, 
but the number is not usually quite so great Close to (he bottom ' 
vor X I 
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in Bome of tlie air^sacB in the humau lung, a circular opening, Biniilar 
to those idreody alluded to as leading to other sacs, small and con- 
Btncted, IS often seen, and has the appearance as if it led to another 
sac, on examination, however, it will be loinid to be produced by 
a prelection inwards of the membrane of the sac, and to lead to 
a Bmall cavity, or group of alveoli 
The number of alveoli existing in the air-sacs vanes—Rossignol 
states that each *Mufundibulum*' (air>sae) contains from ten to twenty 
alveoh My own observations entirely accord with this statement 
1 have found the number varying from eight to twenty 
The air-sacs externally, by their fundus, rest on the pleura, but 
within the substance of the lung they in part rest on, and are sup¬ 
ported by, the bronchial tubes and blood-vcsseJs 
The air-sacs are separated from each other by thin walls, the 
membrane composing which, in a lung inflated and dried, is lery 
transparent The projection of tins membrane in the shape of a 
thin process, having a sharp margin, constitutes the septa between 
the alveoh, and wherever an opening exists leading into a smaller 
sac, this membrane projects m a similar wav, and forms a circular 
orifice which is much smaller than the cavity to which it leads.— 
the sac, in fact, dilates abruptly on the distal side of the opening* 
It 18 m the membrane composing these walls, and in the septa of the 
alveoli, that the capillanes of the pulmonary artciy are spread out 
The number of air-sacs belonging to a lobulette vanes 1 have 
counted as many as six communicating with a bronchial tube incised 
horiKontally, so that probably only half the sacs were left, this, 
however, is a larger number than is usually found, from six to eight 
or ten is the more common number 
Each lobulette is ^orated from those by which it is surrounded, 
by walls which appear to resemble in every way the walls of the air- 
sacs , and m an adult inflated and dned lung, careful observation is 
necessary to make out the partitions. That perfect septa do exist, 
IS proved by laying open, in a recent lung, a bronchial tube to its 
ultimate division, when by placing a fine blowpipe in it, and blow¬ 
ing down it, a smgle lobulette is alone inflated 
The separation of the lobnlettcs is further distinctly perceptible in 
the recent lungs of infants, lu which the line of demarcation between 
the lobulettes is often plainly seen, on the surface 
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The observation of the fosial lung, however, affords most satis¬ 
factory evidenrc of the separation of the lobulettes, and tends to 
confirm the views here taken of the arrangement of the ultimate air- 
tubes 

The recent lung of a full-grown foetus presents on its surface no 
appearance of air-sacs, or vesicles, or cells, but if it be mdated, it 
vnll present different appearances, according as the inflation has been 
partial or entire In a fiortion of lung only partially inflated, a 
number of tubes will be seen terminating beneath the pleura in ctecal 
extremities, their light colour contrasting strongly with the sur¬ 
rounding dark-coloured tissue The exact arrangement of these 
tubes may be sometimeB seen They will be found to exist in groups 
or clusters, and arc seen to pass from the csecal ends to a point, in 
which they terminate, and where they all appear to join. or, to de¬ 
scribe them in the inverse direction, they }>nss from a point at some 
distance from the surface, and radiate towards the pleura The 
tubes are seen to have numerous eonstnctions and bulgings, they 
terminate in extremities rounded, or nearly so In a preparation of 
this kind It IB often easy to see the bronchial tube for a short dis¬ 
tance before it terminates, and not only is the terminal group of air- 
sacs (lobulette) visible, but two or more of the previous ones arising 
laterally from the bronchial tube may be also seen The uninflated 
lung-substance lying between the distended air-sacs is distinctly seen 
when there has been only slight inflation, and the isolated condition 
of each group of sacs is very apparent, the sacs passing from dif¬ 
ferent points are seen radiating in different directions In a lung 
which has been fully inflated, the grouped appearance is lost, and 
the ordinary condition of the distended lung is observed. 

If, in a foetal lung, we follow out a bronchial tube, we find that 
the smaller branches of the tube have connected with them clusters 
of little pynform red-coloured bodies, which look very much like a 
number of grapes attached to their stalks In a foetus of six mouths I 
have found it somewhat difficult to separate each individual body, but 
in a foil-grown foetus there is no difficulty m doing so, each little body 
is attached to a short pedicle If air be blown down a bronchial 
tube leading to the exposed bodies, the latter became distended 

The little bodies just described are the ready-formed groups of 
ur-sacB, or lobulettes, the pedicle with which eaidi is connected is 

t 2 
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the terminal bronchial twig The lobulette thus formed is aur- 
ronnded by ita sheath, and no communication exists between it and 
adjoining ones 

That the appearances I have described in the artificially inflated 
foetal lung are not the resnlt of any abnormal distension, 1 have been 
able to prove by observing the same appearances in the lung of a 
child in which only partial respiration had taken place 

Do the air-sacs communicate with each other by any orifices ex¬ 
cept that by which they communicate with the bronchial tube ^ 

Different opinions have been expressed on this point Adriani 
states that he has observed such orifices, and specially mentions 
that they are most clearly to be seen m the stag Dr Thomas Wil¬ 
liams considers that the intercellular passages ” intercommunicate, 
and are perforated by secondary passages at eveiy point Bossignol, 
Schultz, Mandl, and Milne-£dwards, deny the existence of such 
communications. From observations, made with much care and 
frequently repeated, 1 have satisfied myself that the opinion expressed 
by the latter authors is correct I have never found, either in the 
lung of man or in that of the dog, cat, pig, sheep, or any other 
mammal I have examined, any lateral onfices of communication 
between the sacs of a lobulette 

Ahoeolx of th€ Btmchxal Tubea —^Thc termination of the bronchial 
tubes has a special character, first pointed out by Rossignol He 
says, " In the bronchial divisions of the two last, and sometimes three 
last orders, it is plainly seen, when they ore opened longitudinally, 
that their surface » covered over, or, as it were, honeycombed with 
a number of small, regular, idiallow cavities, placed side by side, and 
separated by thm per/ect walls of the same height, which project 
into the interior of the bronchial tube ” The existence of these 
bronchul alveoli has been noticed by subsequent observers, they 
may be easily seen in a lung mjected and inflated, and sometnnes 
even in one which has been simply soaked in spirit for a few days, 
they resemble the alveoli of the air-sacs, th^ are best seen in the 
lungs of some of the lower ammals, as the oat, m which thqr are 
found in the ultimate bronchial tubes and their dilated extremities. 
In man I have never seen them, except at the extremity of the 
tubes, and in many lungs I have found no appeamnoe of them at 
all—they appear to become obliterated with advancing age. In the 
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infant 1 have found them in the last dinsionB of the bronchial tubes, 
and their dilated extremities, but not m the penultimate or earlier 
branches, and even m the last divisions they are not always present 
previous to tlie dilatation In respect of the extent, therefore, to 
which these alveoli exist in the human lung, my observations do not 
quite accord with those of Rossignol 

The Blood'VeeaeU of the Lunge —The branches of the pulmonary 
artery accompany the bronchial tubes, arrived at the extremity of 
which, they give off branches to the bronchial alvcoh, and terminate 
111 vessels which take their course m the walls of the air-sacs in no 
veiy definite or regular manner From these vessels the pulmonaiy 
plexus anses 

The pulmonaiy veins, receiving the blood from the plexus of the 
air-sacs, pass from tlie periphciy of the lobulettes, aud running in 
the spaces between the lobules, make their way, independently, to 
the root of the lung 

The pulmonary plexus is situated in the walls which separate the 
air-sacs, m the septa of the alveoli, aud around the margins of the 
opeiuugs which exist in the sai^s The plexus consists of a single 
layer of vessels, which, as already pointed out by Mr Ramey, is in 
no instance doubled ou itself In the septa of the alveoli, and in the 
margins of the orihccs alluded to, the plexus does not reach quite to 
the free border of the membrane composing them 

There is no distinct aud separate vessel for each alveolus, but the 
branches of the terminal artery take their course along the walls of 
the air-sacB, aud give off branches which for the most part run in 
the septa of the alveoli, some of them, however, pass across the 
alveoU From these vessels, and from the brandies first mentioned, 
the capillary plexus ansos The plexus, when formed, maintains a 
tolerably uniform sue throughout In a well-injected preparation, 
inflated aud dned, it will be seen that the spaces between the vessels 
are somewhat greater in diameter than the vessels themselves 

The branches of the pulmonary artery do not anastomose till they 
reach the termmation of the bronchial tubes, on the air-sacs they 
anastomose freely* It is somewhat diffacult to decide whether the 
vessels of one lobulette anastomose with those of another. On look¬ 
ing at a preparation injected and dried, it seems as though the 
septum, separating one loimlctte from anothtr, resembled in every 
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respect the walls of the air-sacs, but as the lobulettes are originally 
separate and independent bodies, as seen m the foetal lung, it is pro¬ 
bable that the vessels of each are distinct If so, Uiere must be, 
where the walk of two lobulettes are m contact, two layers of capil- 
lanes lying side by side, and from the mode of formation of the 
lobulettes, and from the fact that I iiave been alile, in some prepa¬ 
rations of the adult lung, partially to separate the lobulettes from 
one another, I believe that their vessels are distinct, that they ter¬ 
minate m their proper radicle-vem, and that thus the capillancs on 
the outer wall of the lobuleite are only exposed on one side to the 
atmosphere 

TAf BroncAtal VeaneU —It has long been held that the bronchial 
arteries are distributed to the air-tubcs, the areolar tissue, and the 
vessek of the lungs, and that they pour their contents partly into 
the pulmonaiy veins, and partly into certain deep broiichud veins, 
which have been described by most anatomists as accompanying the 
arteries within the lungs An opimon has also been entertained 
that a commumcation exists between the bronchial vessek and the 
branches of the pulmonary arteries Without referring to the ex- 
penments and results of other observers, 1 proceed to state my own 

My observations have been made on the lungs of the cat, the dog, 
the rabbit, the pig, the calf, and the sheep, os well as on those of 
man The following remarks have special reference to the results 
obtained in the human lung. 

When the pulmonary artery is injected so that the fluid reaches 
the pulmonary plexus but docs not pass to any extent into the pul¬ 
monary veins, the blood-vessels of the bronchial mucous membrane 
and of the other portions of the bronchial tubes never become in¬ 
jected. When, however, the injection is continued so as to fill the 
pulmonary veins, the vessek of the bronchial tubes become partially 
injected 

When the pulmonary veins are injected, whether the pulmonaiy 
plexus be well-filled or not, the vessek of the bronchial tubes and of 
the bronchial mucous membrane are always uijected The bronchial 
tubes are often seen to be injected when the pulmonary plexus is 
only very partially so, the fluid seeming to find its way from the 
pulmonaiy veins into the vessek of the bronchial tubes more readily 
than into the capillaries of the air-sacs 
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When a brouchial artery, os it enters the substanco of the lung, is 
injected, the vessels of the bronchial tubes become filled—both those 
of the mucous membrane and of the deeper portions—and the fluid 
finds its way into the pulmonaiy veins If the injection be con¬ 
tinued, it IS easy to uijcct the pulmonary plexus through the medium 
of the bronchial arteries, and injection is often found iii the branches 
of the pulmonary arteries. 

In injecting a bronclual artery in the human subject, 1 have always 
found tliat part of the bronchial tubes nearest the point of insertion 
ol the injection pipe more fully injected, both as regards the mucous 
membrane and the deeper structures, than the parts situated towards 
the extremity of the tubes 1 have found the larger branches injected 
nearly to the end of the tubes, but not the fine vessels of the mucous 
membrane This seems to me to be due to the fact, tliat throughout 
the entire extent of the tubes there is so free a communication be¬ 
tween the bronchial vessels aud the pulmonary veins, that the fluid 
finds its way into the latter more readily than into the fine plexus of 
tlie extreme tubes 

The Bronchial Vnm —The examination of a large number of 
specimens, both of the lungs of man and the lower animals, aud the 
injection of the vena azygos on several occasions, have not enabled 
me to find the so-called deep bronchial veins, os vente comttee of the 
bronchial arteries 1 have always found u small vein or veins, gene¬ 
rally a single one, situated at the posterior aspect ol the bronchus, 
and terminating, as shown by tlic injection, in the structures of 
bronchus, lower part of trachea, and glands at the root of the 
lung, but not passing along the bronclual tubes wtihin the lung, and 
therefore being in no way concerned in returning the blood distri¬ 
buted to those parts by the brouchial arteries 

A piece of human lung well injected by the bronchud artery, ex¬ 
hibits on the mucous membrane of the brunchial tubes, a flue plexus 
of vessels, taking for the most part a longitudinal direction, under 
these other vessels ore found, which run transverselv beneath the 
elastic tissue, m the direction of the muscular fllires, these deeper 
vessels are larger tliau the superflcial ones, there is a distinct com- 
umuication between the two sets 

1 now pass to consider tn whal manttft, and whete^ the communi- 
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cation which undoubtedly exists between the pulmonary and bron¬ 
chial vessels, takes place 

If the statement 1 have made with reference to the bronchial veins 
be truci those vessels do not return the blood supphed by the bron¬ 
chial arteries, except so far as the latter vessels distribute it to the 
brouchi themselves and the structures about the root of the lung, 
and the next point we have to examme is whether any commumca- 
tion exist between the bronchial arteries and the pulmonary arteries 
In all the best injections 1 have made, whether in man or the lower 
animals, in which the injection was introduced by the pulmonary artery, 
I have never found the vessels of the bronchial tubes injected unless the 
pulmonary veins were well-filled, and in such specimens I have seen 
vessels passing from the bronchial tubes, and joining a branch of a 
pulmonary vein I have found branches of the pulmonary artery 
containing injection, when the latter has been introduced through the 
bronchial artery, but in such specimens 1 have found portions of the 
pulmonary plexus mjected, and f believe the injection has found its 
way through the plexus into the pulmonary artenes I have ne%er 
seen the vessels described by some anatomists as passing from the 
pulmonary artery to the bronchial tubes 

y^ith regard to the communication of the bronchial vessels with 
the pulmonary veins, it admits of ocular proof It is unquestion¬ 
ably more easy to inject the vessels of the finer bronchud tubes 
through the pulmonary vems, than through the bronchial arteries at 
the root of the lung, it is also possible to inject those vessels to a 
certain extent through the pulmonary vems, without mjccting the 
pulmonary plexus the other hand, the injection thrown in 
through the bronchial artenes rapidly and readily finds its way into 
the pulmonary veins* These facts seem to prove that the blood dis¬ 
tributed by the bronchial artenes within the lung is poured into the 
pulmonary veins, and that the whole vascular system of the bron¬ 
chial tubes communicates with the same vems 

It has been stated by Mr. Barney, that the vessels of the bronchial 
tubes anastomose at die extremity of the tubes with the vessels of 
the ” air-cells*' (air-sncs) In this I cannot concur, for I have never 
been able to fill these extreme vessels by injection through the pul¬ 
monary arierj My belief is, that at the termination of the tubes, 
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as elsewhere the blood of the bronchial arteries is poured into the 
pulmonary veins* 

Dr Ueale has advanced the opinion that the bronchial artenes do 
not supply the brondual mucous membrane at all» and that they 
neither communicate with the pulmonary artenes nor veins My 
observations have given results entirely opposed to this view. 

With reference to the view taken by Adriam» and subsequently 
adopted by Dr. Thomas Williams, that the vessels of the bronchial 
mucous membrane terminate in the pulmonary veins, and those of 
the deeper plexus in the bronchial veins, it is not borne out by the 
experiments 1 have made, which appear to prove that not only do 
the same vessels supply the superficial and deep plexuses of the 
tubes, but that both plexuses discharge their contents into the same 
receptacles 


11 Certain Sensory Organs m Insects, hitherto unde- 

scribed ” By J, Bkaxton Hic&s, M D Lond., F.L S &c 
Communicated by John W Lubbock, Esq Received 
May 14, 1869 

(Abstract ) 

The author commences with an allusion to papers published in the 
Lmnean Society *s ‘Journal’ and ‘Transactions ’ respecting groups of 
oigans, abundantly supphed with nerves, on the bases of the halteres 
of Diptera, also on the nervures of the wings and on the eljrtra of 
Coleoptera, and now gives a drawing which shows forth these organs, 
and the nerve proceeding to them on the halteres He then desenbes, 
lor the first time, somewhat similar organs on the apices of the palpi 
of some Diptera, and on their base in many Hymenoptera, as Apta, 
Nomada, Megaehxie^ Bombua^ &c These are well shown m 
the Feapa Crabro^ or Hornet, where the nerve is seen expanding in 
the thm membrane which covers m the opening beneatli in the wall of 
the member. 

In the paper also, it is pointed out for the first time, that on the 
apex of the palju of Lepidoptera there is invonably found a structure 
which u more or less of a cavity, generally tubular, and sometimes 
extending mwurds ncarh the U ngth of thi last segment, but some- 



tunes only a depression To it a nerve is given which expands on 
the apex of the cavity 

The author then descnbes groups of organs^ aihed m form to those 
on the polpij which are to be found on the legs of all insects yet 
examined There are about three groups situated about the tro- 
chantero-femorai joint* and to them nerves can be distinctly seen 
proceeding» and m Melov the branch is seen to pass up Uie opening lu 
the wall, to terminate m a papilla in the centre of the membrane 
covering it in 

It IS also shown that the bladder-like apex of the palpi* instead 
of bemg smooth, as is generally described, is covered with a great 
number of small bodies* somctluiig in form like uinepius* some¬ 
times exceedingly small* requiring a |‘-incb objective to make them 
out* when they can clearly be discerned to be a modified condition of 
true hairs* copiously supplied witli nerves The author names these 

tactile haira,'* and points out their existence m all palpi used for 
touching, and in other organs subservient to that function. These 
tactile hairs ore very large in the palpi and auteonm of Dyticuc mar- 
fftnalta The barrel-like organs of the Lepidoptera are next investi¬ 
gated* and are shown to have a nerve passing up them * but whether 
proceeding to the apex of the nipple-hkc papilla on them or not, 
cannot be quite made out They are pointed out as being nearly 
aihed to the organs on each of the palpi of the Earwig {Forjieula 
auricularta). 

The author refers to the sacs found on the antennae of all insects^ 
which have been fully treated of in two papers read by him before the 
Linnean Society* and published m their * Transactions *' and he lastly 
examines the probable functions of all these organs* which must lie 
of sensation* probably special. 

Attention is also called to the value of bleaching the tissues by 
chlorine in luvestigatuig the structure of insects* which process was 
first used by the author and described by him m the papers above 
mentioned. 

About forty drawings accompany the paper lUuotraUve of the 
structures desenbed 
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Ill ** On Lemons of the Nervous System producing Diabetes/’ 
By Frederic a W Pavy,MD Lond &c. Communicated 
by Dr Sharyey, Sec R S. Heceivcd May 17^ 1859, 

(Abstract) 

The author commenced hjs paper by stating) that all the expenmenfs 
he had performed since his communication on the ** Alleged Sugar- 
fonniiig Function of the Liver *’ had been placed in the possession 
of the Royal Society, had confirmed the conclusions he had there 
arnved at As far as fais knowledge extended, it might be said that 
in the healthy liver dunng hfe there is a substance which he had 
sjioken of under the term of hepatine, and which possesses the che¬ 
mical property of being most rapidly transformed into sugar when 
lu c*outact with iutrogcniz(^d animal materials In the liver after 
death this transformation takes place, but m the liver during life 
there seems a force or a condition capable of overcoming the che- 
mic*al tendency to a saccharine metamorphosis 
Experiments are mentioned to show that when the medulla oblon¬ 
gata IB destroyed, and the circulation is maintained by the performance 
of artificial respiration, the sugar formed m the liver as a post- 
mortem occurrence is distnbuted through the system, and occasions 
the secretion of urine possessing a strongly saccharine character 
Although thedestructiou of the medulla oblongataleads to this effect, 
yet division of the spinal cord, which has been practised as high as 
between the second and third cervical vertebra, has not been attended 
with a similar result The brain (cerebrum) has also been separated 
from the medulla oblongata by section through the crura cerebri, and 
from the results of the expenmonts m which this operation has been 
performed. Dr Pavy beheved that the functions of the bram may be 
completely destroyed, without placing the liver lu the condition no- 
ticeahle after actual death, or after lesion of the medulla oblongata^ 
On account of the acadental disturbances,—such as imphcation of the 
medulla oblongata, possibly by concussion, obstruction of the respi¬ 
ration, and the effects of the great loss of blood sometimes attendmg 
division of the crura cerebn,—the interpretation of the result is ren¬ 
dered a little difficult. In an experiment, which proved most con¬ 
clusive, performed to corroborate the author’s previous observations 
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whilft htB oommonication was being wntteii^ there were none of these 
disturbing oircumatances In a healthy dog> during a period of diges¬ 
tion, the crura cerebri were completely divided. The animal was 
thereby thrown into a state of unconsciousness, but breathed efficiently 
of its own accord The unne m an hour and a quarter’s time was 
found perfectly free from sugar 

After poisomng by strychnine, the effect is the same as after de¬ 
struction of the medulla oblongata The circulaiion being maintained 
by artificial respiration, the unue becomes strongly saccharine 

Looking to these facts, and to the effect of Bernard's ))uncturc oi 
the fourth ventricle m producing diabetes, the author is led to regard 
the medulla oblongata as a centre, either directly presiding over the 
functional activity of the liver, or indirectly affectmg it by altcnng 
through the medium of another or other ofgans the condition of the 
blood going to it, and he has endeavoured to establish upon positive 
gromids the channel by which the propagation of the nervous influ¬ 
ence may take place It was this line of research that conducted to 
the discovery of the strongly diabetic effect produced by dividing 
certain parts of the sympathetic 

The medulla oblongata being thus presumed to form a centre 
giving to the liver a force which prevents the saccharme metamor¬ 
phosis of its hepatinc, expenment hod already shown that it cannot be 
through the spinal cord or the pneumogastnes separately, that the 
trausimssiou of nervous influence takes place But an expenment was 
performed to determine the effect of dividing both the spinal cord and 
the two pneumogastnes together The cord was crashed between the 
third and fourth cervical vertebrse, and about half an inch of each 
pneumogastne was cut away from the centre of the neck Artiflcud 
respiration was performed to keep up the circulation The unne 
remained entirely free from sugar, and the liver was found m an 
exsacchanne state at the moment of discontinuing the respiration, 
and became strongly saochanue afterwards. 

On next dividing all the nerves in the neck, an operation effected 
by performmg decapitation, the result that followed after three 
quarters of au hour’s artificial respiration was strongly saccliarme 
urine After this expenment, and that of division of the spinal cord and 
pneumogastnes, reason was afforded for looking to the sympathetic, 
and from the experiments that have been made and arc desenbed. 
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tlie following conclusions have been armed at Tho animal selecteil 
for observation has been the dog, subsisting upon an aiumal diet, and 
operated upon at a period of fuU digestion. 

Division, on both sides of the neck, of the ascending branches of 
the supenoT thoracic ganglion which run up towards the canal 
formed by the foramina in the transverse processes of the vertebric, 
fur the vertebral artery, occasions an intensely marked dialictes The 
uniie has been found most strongly saccharine within even half an 
hour after the operation The diabetic condition is only of a temporary 
character, passing off by the next day, and fatal pleurisy is always 
induced 

Division of the ascending branches of the supenor thoracic 
ganglion on one side of the neck only, has occasioned merely the 
presence of a trace of sugar in the nnne in an hour and a halfs time 
Tile same operation then performed on the other side Has produced 
ui half an hour’s time an intensely sarchanne unne 

“ Carefully ligaturing the two vertebral and die two carotid arte 
nes does not lead to saccharine unne , but when the carotids have 
been tied, and the tissue in connexion with the vertebmls before their 
entrance into the canals is a little roughly treated, without however 
dividing the larger sympathetic filament ascending from the suponor 
thoracic ganglion, the unne is rendered rapidly and strongly saccha¬ 
rine* 

" Division of the sympathetic filaments that have entered the 
canals does not alone produce diabetes, but if the contents of 
these canals be divided, and the carotid arteries at the same time 
ligatured, saccharine unne is the result. 

“This result is produced when the contents of the osseous canals 
are divided as high as the second cervical vertebra It has also ansen 
after destroying the structures in the neighbourhood of the vertebral 
foramen on the postenor surface of the transverse process of the atlas, 
but has not yet been noticed after a similar operation on the antenor 
surface of the process. 

“ Dividii^ the contents of the canals and the tissue m immediate 
contact with the carotid vessels has not produced diabetes; but when 
the carotids have been afterwards tied, strongly saccharine urine has 
resulted. 

“ Of all the operations on the sympathetic of the dog that have yet 
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been perfonned, remoTal of the snpenor cervical ganglion the most 
rapidly and strongly produces diabetes After the removal of one 
gan^iouj the unne has been found intensely saechanne in an hour’s 
time, and the saechanne character has remained dunng the following 
day, but has disappeared by the next Subsequent removal of the 
other ganglion a few days later has been followed in half an hour's 
time with a strongly marked diabetic effect, which, however, has 
been again only of a tcmporaiy nature \ 

** Division of the sympathetic in the chest has been several\thhes 
succeeded by saechanne unne In one case after divisiotj ad l^nc 
side only, the unne was intensely saechanne in half on hour’s tihie 
On the other hand, many expenments have been made where both 
sides have been operated on, and only a merely traceable, or in a 
few mstances, even no effect, has been noticeable 
'*In the rabbit, removal of the superior cervical ganglm, when 
the ammal is in a strong and healthy state, is followed by diabetes, 
but the effect is not so rapidly produced as in the dog It has been 
noticed at the end of four hours after the operation, and has been 
observed to exist until the following day 
<< Excision of the superior oemcal ganglia m the rabbit with a 
division of the pneumogastnes above their gangliform enlargeihent 
dose to their exit from the skull, has been attended with the produc¬ 
tion of saccharine unne in a shorter space of time than when the 
ganglia alone have been removed, notwithstanding that division of 
the pneumogastnes m the situation referred to, has not been seen by 
itself to cause any positivo effect ” 

Such 18 a simple statement of the pnncipal conolusioiiB denvable 
flrom the author’s expenments, which are given in detail in his com- 
mumcation. As to the interpretation of the results that have been 
obtamed, this he leaves for fhrther investigation, in which he is now 
engaged,if possible, to disdose The expenments on the sympathetic 
were commenced under the notion that it might form the medium of 
transmusion of nervous fbroe from the medulla oblongata to the liver. 
From this supposition certam facts have been discovered which ore 
left for the present, without diseassing whether the notion that led 
to them is right or wrong 
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IV. On the Electrical Condition of the Egg of the Common 
Fowr^ By John Davy, MD, F.R.S S L & E. &c 
lleceivcd May 19th, 1859 

(Abstract) 

The structure of the egg suggested to the author the idea of its 
exerting electrical action Thu was confirmed on trial Using a 
delicate galvanometer and a suitable apparatus, on plunging one wire 
into tbe white, and the otlier, insulated, except at the point of con¬ 
tact, into the yolk, the needle was dcfiected to the extent of 5^, and 
on changing the wires, the course of the needle was reversed When 
the white and yolk were taken out of the shell, the yolk immersed 
in the white, the effects on tnal were similar, but not so when the 
two were well-mixed, then no distinct effect was perceptible 

Indications also of chemical action were obtained on substitutmg for 
tbe galvanometer a mixture consisting of water, a little gelatinous 
starch, and a small quantity of iodide of potassium, especially when 
rendered very sensitive of change by the addition of a few drops of 
muriatic acid In the instance of newly-laid eggs, the iodine libe¬ 
rated appeared at the pole connected with the white, on the con- 
traiy, in that of eggs which had been kept some time, it appeared at 
the pole connected with the yolk, answenng in both to the copper 
in a single voltaic combination formed of copper and zinc. 

The author, after describing the results obtained, declines specu¬ 
lating on them at present, merely remarking, that in the economy of 
the egg, and the changes to which it is subject, it can hardly be 
doubted that electro-chemical action must perform an important 
part, and that in the instance of the ovum generally, t e when com¬ 
posed of a white and of a yolk, or of substances in contact, of hete¬ 
rogeneous natures. 
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V the Mode in which Sonorous Undulations arc con¬ 

ducted from the Membrana Tympani to the Labyrinth, in 
the Human Ear ** By Joseph Toynbee^ Esq , F B S &c 
Received May 24^ 1859 

The opinion usually entertained hy physiologists is that two 
channels are requisite for the transmission of sonorous undulations 
from tho membrana tympam to the labyrinth, viz tlic air in the 
tympamc cavity which transmits the undulations io the membrane 
of the fenestra rotunda and the cochlea, and secondly, the chain of 
ossicles which conduct them to the vestibule 

This opinion is, however, far from being universally received , 
thus, one writer on tho Physiology of Hoanng contends that **the 
integrity of one fenestra may suffice for the exercise of hearing*/’ 
another expresses his conviction that '' the transmission of sound 
cannot take place through the ossiculaf,” while 8ir John Herschel, 
in speaking of the ossicles, says ** they arc so far from being essential 
to hearing, that when the tympanum is destroyed and the chain m 
consequence hangs loose, deafness does not follow}: *’ 

The object of this paper is to decide by expenment how fai 
the ossicles are requisite for the performance of the function of 
hearing 

The subject is considered under two heads, m 

1 . Whether sonorous undulations from the external meatus can 
reach the labyrinth without having the osii|iGleB f&r a medium 

2. Whether any peculiarity in the coi^rmation of the cham of 
ossicles precludes the pMsage of sonotwas undulo^s through it 

1 * Can sonorous undulations reach the labyrinth from the 
external meatus mihout the aid of the ossicles f 

This questuin has often been answered in the affirmative, appa¬ 
rently because it has been ascertained that in cases where two bones 
of the chain of ossicles have been removed by disease, the hearing 
power » but slightly dinumshed. In opposition to this view, it 
must, however, be remembered, that the absence of the stapes, or 
even its fixed condition (anchylosis), is always Mowed by total or 

* Mr Wharton Jones, Cyclopedia of Sorgery, Art ^^IhsoaseH of the Bar," 
P 25 

t Lancet, 1B43, p, 3B0 

t Encyclopedia Metropohtana, Art " Sound," p 810 
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nearly total deafness, and the following experiments, whirh demon¬ 
strate the great facility with which sonorous undulations )>ass from 
the air to a solid body, indicate that the stapes, even when isolated 
from the other bones of the chain, may still be a mcflmm for the 
transmission of sound 

Expenment 1 —Both ears hanng been closeii, a piece oi wood, 
5 inches long and half an inch m diameter, was held between the 
teeth, and a vibrating tuning-fork (3 having been brought withm 
the eighth of an inch of its free extremity, the sound was heard 
distinctly, and it continued to be heard between fi\D and six seconds 
Experiment 2 —One end of the piece of wood used in the pre¬ 
vious experiment being pressed against the tragus of the outer ear, ho 
as to close the external meatus without compressing the an con¬ 
tained within it, a vibrating tuning-fork C' placed within a quarter 
of an inch of its free extremity, was heard very distinctly nt first, 
and it did not cease to be beard for fifteen seconds 
Experiment 3 —Three portions of wood, of the same length and 
thickness as that used in the previous expennients, were glued 
together so as to form a triangle somewhat of the shape of the 
stapes, the base of this triangle being placed against the outer 
surface of the tragus, as m the previous experiment, the tuning-fork 
CJ' vibrating within a quarter of an inch from its apex was heard for 
twelve seconds 

Considenng, as sliown by the above experiments, the great facility 
with which sonorous updulations pass from the air to a solid body, it 
may, 1 think, be asBum|)li^that the undulations in the tympanic cavity 
may be conveyed^ to the 8ta|«fe even when this bone is isolated from 
the rest of the chain, and conducted by it to the vestibule, and 
when it u also considered that the absence of all the ossicles, or even 
a fixed condition of the ataxies, is productive of deafness, there is 
strong evidence m favour of the opinion that eounde from the 
external meaine cannot reach the lahprmih without the medium if 
the omelec 

2 , h there any peculiarity in the conformation of the rhatn of owi- 
eUe which preeludee the paeeage of eonotoue undulations through it ^ 
This question has also been answered in the affirmative, on account 
of the various planes existing in the chain, and seeondlv, on account of 
the joints existing between the several bones composing this chain 
VOL. X i> 
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The following eixperiments refer to the influence of the rarying 
plane of the bones forming the chain, and of its articulationB, on the 
progress of sonorous undulations through it *— 

1 Eapenments tUu^trative of iho influence of the variety of planes 
tn the chain 

Eapenment 1 —Three pieces of wood, each 5 inches in length 


and half an inch thick, were glued together thus 



, so as to 


represent the planes m which the malleus, incus, and stapes are 
arranged m the chain of ossicles, while three similar portions were 
glued end to end so as to form a straight rod A watch was placed 
tn contact with one end of the straight rod, while the other was 
pressed gently agamst the tragus so as to shut the external meatus 
The result was that the watch was heard nearly as distinctly as 
when in contact with the ear When a similar experiment was per¬ 
formed with the angular portion of wood representing the cham of 
bones, the watch was also heard, but less distinctly than tlirough the 
•traight portion 

Biopenment 2 —A tuning-fork C, being made to nbrate, was 
placed in contact with one extremity of the angular piece of wood, 
the other being placed against the tragus of the ear, and as soon as 
the sound ceased to be heard, the straight portion was substituted, 
when the tumng-fork was again heard, and it cos^nued to be heard 
^or about three seconds. 

Esspenment 3 —^A ribrating tuning-fork C was placed at one ex¬ 
tremity of the angular piece of wood, the other extremity being held 
between the teeth, the fork was at first heard very distinctly, and 
when Its sound could no' longer be distinguished, the straight piece 
was substituted, and it was agam heard for the space of two 
seconds. 


JBqMnmwif 4 —Instead of the bonsontal portion of wood repre- 
•entmg the stapes, three -ipoTtiona of the same sue were made into 
a triangle, and this was glued to the anterior aurfiuse of the mfenor 


extremity of the piece representing the incps, thus 



The 


prenouB expenment was then repeated with the substitution of this 
apparatus for the angular one, and with nearly the same result, ns. 
the fork was heard through the straight piece about three seconds 
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after it had censed to he heard by the apparatus repTcsenting the 
chain of bones 

Expenment 5 —A piece of very thin paper was gummed over the 
end of a glass tube 6 inches in diameter , to the outer surface ot 
this paper was glued a model of the chain of ossicles similar to the 
one used in the previous experiment, a vibrating tuning-fork C 
being placed in the interior of the tube and within a quarter of an 
inch of the paper, the sound was heard through the free end of the 
chain placed between the teeth for ten seconds, when the sound 
ceased to be heard, a straight piece of wood was substituted, and the 
sound was not beard through it 

II* ExpenmenU tilvatratwe of the tnfuenee of the articulations 
in the chain 

Experiment 1 —^Three pieces of wood, each about 5 mches 
long and half an inch in thickness, were separated fVoRi each other 
by pieces of india-rubber as thick as ordinary writing-paper, and they 
were then fastened together so as to assume the angular form pos¬ 
sessed by the chain of ossicles* The tuning-fork C' being placed at the 
free extremity of the chain, the other extremity being held between 
the teeth, it was found that the sound was heard as distinctly and 
for the same length of time, as when it passed through the chain 
formed of three portions glued together 

Experiment 2 —^Vhen eight layers of the india-rubber were placed 
between each piece of wood, there was still very little difference in 
the mtensity of the sound fkom that observed when it passed through 
the portions glued together 

Experiment 3 —One, two, or three fingers having been placed 
between the first and second pieces of wood, and eight layers of 
india-rubber between the second and third, a very slight diminution 
in the intensity and duration of the sound was observed as compared 
with its passage through similar pieces when glued together 

Experiment 4.—The back of the hand HMs placed m contact with 
the teeth, and the end of the vibratmg fork O' was pressed against 
the palm, the sound was heard very distmctly for several seconds; 
and when it ceased to be heard, a piece of sohd wood 3 inches 
long was substituted, through which the sound of the fork was agam 
heard fairtly for four seconds 

The inference from the two senes of experiments above detailed is, 

D 2 
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thftt neither the varution of the plane existing in the chain of 
ossicles, nor the presence of the articulations, is sufficient to prevent 
the progress of sonorous undulations through this chain to the 
vestibule 

The expenments and observations detailed above lead to the 
following conclnaions — 

1 That the commonly received opimon in favour of the sonorous 
undulations passing to the vestibule through the chain of ossicles is 
correct 

2 That the stapes, when disconnected from the incus, can still 
conduct sonorous undulations to the vestibule from the air 

3 So £w as OUT present experience extends, it appears that lu the 
human ear sound always travels to the labynnth through two media, 
viz through the air in the tympanic cavity to the cochlea, and through 
one or more of the ossicles to the vestibule 

VI ''On the Electrical Discharge m vacuo with an Extended 
Senes of the Voltaic Battery ” By John P (tassiot, Esq , 
V P R S Received May 24, 1859 

In a recent commumcation, since ordered for publication in the 
Philosophical Transactions, 1 desenbed some expenments on the 
electrical discharge m a vacuum obtained by the absorption of 
carbonic acid with caustic potassa, and I showed that, when the dis¬ 
charge hrom an mduction coil was passed through such a vacuum, the 
BtratificationB became altered lu character and appearance as the 
potassa was more or less heated 1 have also in a former paper 
(Phil Trans 1858, p 1) shown that the stratified discharge can 
be obtained from the electneal machine 

A descnption of an extended senes of a water-battery was com¬ 
municated by me as far back as December 1843 (Phil Trans 1844, 
p. 39). This battery consists of 3520 insulated cells some yean 
had elapsed since it was last charged, and 1 found the zincs were 
very much oxidated, on again chargmg it with ram-water, 1 ascer¬ 
tained that there was sufficient tension to give a constant sueoesshn 
of minute sparks between two copper discs attached to the terminals 
of the battery, and placed about ^th of an inch apart. On at¬ 
taching the terminals of the battery to the wires m a carbonic acid 
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vacuum*tube uiBerted about 2 inches apart, 1 obtained a stratified 
discharge similar to that from an induction coil 

The experiment was repeated with 400 senes of Grove's nitnc 
arid battery In this case distinct sparks between two copper discs 
were obtained, and the luminous layers were shown in a peculiar and 
sinking manner, thus proving that the mduction coil is not necessary 
fur the production of the stnss, as in most of the experiments the 
only interruption of the battery circuit was through the vacuum* 
tube 

I had another tube prepared, substituting for metalhc points balls 
of gas-carbon At first the stratified discharge was obtained as before, 
while little or no chemical action took place in the batterv * on heating 
the potassa, the cliaracter of the stratifications gradually changed, and 
suddenly a remarkably bnlliaiit white discharge, aho Mtraitfied^ was 
observed, intense chemical action was at the same time perceptibly 
taking place m the battery, and on breaking the circuit, the usual nvid 
electrical flame-discharge was developed at the point of disrnption 

The contuiuation of these experiments will necessarily occupy much 
time, involving, as they do, the charging of so extended a senes of 
the nitnc acid battery, and with the requisite care necessary tor 
the proper lusulation of each cell, other phenomena were observed 
which require further venfication, but 1 hope that after the recess the 
result which 1 hope to obtain may be of sufficient interest to form the 
subject of a future communication 


Yll ''Note on the Transmission of Radiant Heat through 
Gaseous Bodies By Joan Tyndall, Ph D , F K 8 &c 
Received May 26, 1869 

Before the Royal Society terminates its present session, 1 am 
anxious to state the nature and some of the results of an investiga¬ 
tion in which 1 am now engaged 

With the exception of the celebrated memoir of M Pouillet on Solar 
Radiation through the atmosphere, nothing, so far as 1 am aware, 
has been pubhshed on the transmission of radiant heat through 
gaseous bodies. We know nothing of the effect even of air upon 
heat raduted from terrestrial sources 
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The law of luvene squaree has been proved by Mellom to be 
true for radiant heat passing through air, whence that eminent 
expenmenter mferred that the absorption of such heat by the atmo¬ 
sphere, in a distance of 18 or 20 feet, is totally inappreciable 
With regard to the action of other gases upon heat, we are not, so 
far as 1 am aware, possessed of a single expenment 

Wishing to add to our knowledge in this important particular, 1 
had a tube constructed, 4 feet long and 3 inches m diameter, aud 
by means of brass terminations and suitable washers, T closed per¬ 
fectly the ends of the tube by polished plates of rock-salt Near to 
one of its extremities, a T-piece is attached to the tube, one of 
whose branches can be screwed to the plate of an air-pump, so as to 
penkut the tube to be exhausted, while the gas to bo operated on is 
admitted through the other branch of the T-piece Such a tube 
can be made the channel of calorific rays of every quahty, as the 
rock-salt transmits all such rays with the same facility 

1 first permitted the obscure heat emanating from a source placed 
at one end of the tube, to pass through the latter, and fall upon a 
tbcrmo-eleotric pile placed at its other end The tube contamed 
ordinary air When the needle of a galvanometer connected with 
the pde had come to rest, the tube was exhausted, but no change in 
the position of the needle was observed A similar negative result 
was obtained when hydrogen gas and a vacuum were compared 
Here 1 saw, however, that when a copious radiation was employed, 
and the needle pointed to the high degrees of the galvanometer, to 
cause It to move through a sensible space, a comparatively large 
diminution of the current would be necessory, fer larger, indeed, than 
the absorption of the air, if any, could produce while if 1 used a 
feeble source, and permitted the needle to point to the lower degrees 
of the galvanometer, the total quantity of heat m action was so 
small, that the fraction of it absorbed, if any, might well be insensible 
My object then was to use powerful currents, aud still keep the 
needle in a sensitive pontion, this was efifocted m the following 
manner —^The galvanometer made use of possessed two wires coiled 
side by side round the needle ; and the two extremities of each wire 
were connected with a separate thermo-electnc pile, in such a manner 
that the currents excited by heat felling upon the feces of the two jales 
passed in opposite directions round the galvanometer A sonroe of 
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heat of considerable intensity was permitted to send its rays through 
the tube to the pde at its opposite extremity , the deflection of the 
needle was very energetic The second pile was now caused to ap» 
proach the source of heat until its current exactly neutralized that of 
the other pile, and the needle descended to zero 
Here then we had two powerful forces in perfbet equihbnum, and 
inasmuch as the quantity of heat m action was very considerable, the 
absorption of a small fraction of it might be expected to produce a 
sensible effect upon the galvanometer-needle m its present position 
When the tube was exhausted, the balance between the equal forces 
was destroyed, and the current from the pile placed at the end of the 
tube predominated Hence the removal of the air had permitted a 
greater amount of heat to pass On readmittmg the our, the needle 
again descended to zero, indicating that a portion of the radiant heat 
was intercepted Very large effects were thus obtained 
1 have apphed the same mode of experiment to several gases and 
vapours, and have, m all cases, obtained abundant proof of calonflc 
absorption Gases vary considerably in their absorptive power—pro¬ 
bably as much as liquids aud soUds Some of them allow the heat 
to pass through thorn with comparative facdity, while other gases 
bear the same relaUou to the latter that alum does to other diather- 
maaous bodies 

Different gases are thus shown to intercept radiant heat m different 
degrees 1 have made other expenments, which prove that the self¬ 
same gas exercises a different action upon different qualities of radiant 
heat. The investigation of the subject referred to m this Note is 
now in progress, and I hope at some future day to lay a full deaenp- 
tion of it beibre the Royal Society 

VIII. Photochemical Researches—Part IV. ByRoBKaxW. 
Bunsbn, For Memb. R.S , and Ubnby ENriBLi) Roscoa, 
Ph.D., Professor of Chemistry m Owens College, Man¬ 
chester Received May 26, 1859 
(Abstract) 

In the three communications* which they have already made to the 
Royal Society upon the subject of photochemistry, the authors showed 
* PhH Trsn> 1S57. pp W, 381 snd 601 
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that they hare constructed a most delicate aud trustworthy instrument 
by which to measure the chemical action of light, aud by lielp of which 
they have been able to investigate the laws regulating this action 
In the present memoir, the authors proceed, in the hrst place, to 
establish a general and absolute standard of companson for the 
chemical action of light, and m the second place, to consider 
the quantitative relations of the chemical action effected by direct 
and diffuse sunlight They would endeavour, in this part of then 
research, to lay the foundation of a new aud important branch of 
meteorological science, by investigating the laws which regulate the 
distribution, on the earth’s surface, of the chemical activity ema¬ 
nating from the sun 

The subject-matter of the present communication is divided under 
five heads — 

1 The comparative and absolute measurement of the chemical 
rajs 

2 Chemical action of diffuse daylight 

3 Chemical action of direct sunlight 

4 Photochemical action of the sun, compared with that of a 
tcrrcstnal sourc*e of light 

5 Chemical action of the constituent parts of solar light 

The first essential for the measurement of photochemical actions, 
is the possession of a source of constant light This the authors 
secured with a greater amount of accuracy than by the method de¬ 
scribed in their former communications, by employing a flame of pure 
carbonic oxide gas, burning from a platinum jet of 7 millims m dia¬ 
meter, and issuing at a given rate, and under a pressure very slightly 
different from that of the atmosphere The action which such a 
standard flame produces in a given time on the sensitive mixture of 
chlorine and hydrogen, placed at a given distance, is taken as the 
arbitrary nmt of photochemical illumination This action is, how¬ 
ever, not that which is directly observed on the scale of the instru¬ 
ment The true action is only obtained by taking account of the 
absorption and extinction which the light undergoes in passing 
through the various glass-, water-, and mica-serecDs placed between 
the flame and the sensitive gas These reductions can be made by help 
of the determmations given in Part III of tliese Itesearches, as well 
as hy ixpinincuts detailed in the present Part When these sources 



n 

of error are eltminated, it is possible^ by means of this standard 
flame, to reduce the indications of different instruments to the same 
unit of luminous intensity, and thus to render them comparable 
For this purpose, the authors define the photometric unit for the 
chemically active rays, as the amount of action produced in one 
minute, by a standard flame placed at a distance of one metre 
from the normal mixture of chlorine and hydrogen, and they 
determine experimentally for each instrument the number of such 
units which correspond to one division on the scale of the instru¬ 
ment By multiplymg the observed number of divisions by the 
number of photometric units equal to one division, the observations 
are reduced to a comparable standard It is proposed to call this 
unit a chemical unit of lighty and ten thousand of them one ehtmieal 
degree of light 

According to this standard of measurement, the chemical illu¬ 
mination of a surface, that is, the amount of chemically active light 
which falls perpendicularly on the ])lane surface, can be obtained 
It has thus been found that the distance to which two flames of 
(oal-gos and carbomc oxide, each fed with gas at the rate of 4 105 
cubic cent per second, must be removed from a plaue^surface, m order 
to effect upon it an amount of chemical action represented by one 
degree of light, was, in the case of the coal-gas flame, 0 929 metre, 
in that of carbonic oxide 0 561 metre The chemical illuminating 
power, or chemical intensity, of various sources of light, measured 
by the chemical action effected by these sources at equal distances 
and in equal tunes, can also be expressed in terms of this unit of 
light, and these chemical intensities may he compared with the 
visible light-giving intensities In like manner, the authors define 
chemical brightness as the amount of light, measured photochemi* 
cally, which falls perpendicularly from a luminous surface upon a 
physical pomt, divided by the apparent magnitude of the surtkee, 
and this chemical brightness of circles of semth-sky of different sues 
has been determined Expenmeut shows that the chemical bnght- 
ness of vanous^ed portions of zenith sky, not exceeding 0 00009 
of the total havens, is the same, or, that the chemical action 
eftccted is dimtly proportional to the apparent magnitude of the 
illuminating surface of zeuitli-sky 

It is, howeior, important to express the photochemical actions 
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not only according to an arbitraxy standard, but in absolute measure, 
in units of time and space* This has been done by detcrmuitng 
the absolute rolume of hydrochlonc acid formed by the action of a 
given source of light during a given space of tunc For this pur¬ 
pose, we require to know— 

e^the volume of hydrochloric acid formed by the unit of light 

Assthe thickness of sensitive gas through which the light passed 

^sthe surface-area of the insulated gas 

ass the coefficient of extinction of the chlorme and hydrogen for 
the light employed 

^ssthe number of observed units of light m the time t 

When these values are known, the volume of hydrochlonc acid 
whidi would be formed m the tune f, by the rays falling perpendi¬ 
cularly on the umt of surface, if the light had been completely 
extinguished by passing through an infimtcly extended atmosphere 
of dry chloniic and hydrogen, is found from the expression 


f 1-10”“* 

In this way the chemical illumination of any surface may be ex¬ 
pressed by the height of the column of hydrochlonc acid which 
the light falling upon that surfsce would produce, if it passed 
through au unlimited atmosphere of chlonne and hydrogen. This 
height, measured in metres, the authors propose to call a laghU 
metre. The chemicd action of the solar rays can be expressed m 
light-metres, and the mean daily, or annual height thus obtamed, 
dependent on latitude and longitude, regulates the chemical climate 
of a place, and ppmts the way to relations for the chemicsl actions 
of the aolar rays, which m the thermic actions ore already repre¬ 
sented by isothermals, laoiherals, &c. 

In order to determine the chenuoal action exerted by the whole 
diAise daylight upon a given point on the earth’s sur£M», the 
authors were obliged to have recourse to an mdirect method of ex- 
perfanentmg, owing to the impossibility of measurmg the whole 
action directly, by means of the seqsitive mixture of chlonne and 
hydrogen. For the purpose of obtaining the wished-for result, the 
chemicid action proceeding from a portion of sky at the lenitfa, ot 
known magmtude, was determmed m absolute measure, and then. 
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by means of a photometer, whose peculiar construction can only be 
understood by a long descnption, the relation between the tmhle 
illuminating power of the same portion of zemth sky and that of 
the total heavens was determined* As, m the case of lights from 
the same source but of different degrees of intensity, the chemteal 
actions are proportional to the vmble illuminating effects, it was 
only necessary, m order to obtain the chemical action produced by 
the total diffuse light, to multiply the chemical action of the semth 
portion of sky by the number representing the relation between the 
visible dlununation of the total sky and that of the same leiuth 
portion 

The laws according to which the chemical rays are dispersed by 
the atmosphere can only be ascertained from experiments made 
when the sky is perfectly cloudless In the determinations made 
with this specially-arranged photometer, care was therefore taken 
that the shghtest trace of cloud or mist was absent, and the relation 
between the visible illuminating effect of a portion of sky at the 
zemth and that of the whole visible heavens, was determmed for 
every half-hour from sunrise to sunset, the observations being made 
at the summit of a hill near Heidelberg, from which the horizon was 
perfectly free 

The amount of chemical illumination which a pomt on the earth’s 
surface receives from the whole heavens^ depends on the height of 
the sun above the horizon and on the transparency of the atmo¬ 
sphere. If the atmosphenc transparency undergoes much change 
when the sky is cloudless, a long senes of experiments must be made 
before the true relahons of atmosphenc extmction of the chemical 
rays can be amved at The authors behevc, however, founding 
their opimon on the statement of Seidel in his classical research on 
the luminosity of the fixed stars, that the alterations in the air’s 
transparency with a cloudless sky are very slight, and they there¬ 
fore think themselves justified in conndonng the chemical lUumi- 
natum of the earth’s surface, on cloudless days, to be represented 
simply as a function of the sun’s zenith distance Although, from the 
comparatively small number of experiments which have been made, 
owmg to the difilculty of secunng perfectly cloudless weather, the 
constants contained m the formulas cannot lay claim to any very 
great degree of accuracy, the authors believe that the numbers oh- 
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tained are sufficient to enable them to determme the relation accord- 
ug to which the chemical energy proceeding firom the sun is diffused 
over the earth when the sky is unclouded 
From a senes of observations made on June 6, 1858, the relation 
between the amount of light ^^ttealfy measured falling firom the 
whole sky, and the amount (taken as umty) which, at the same 
time, fUls from a portion of zenith sky equal to ‘n^tli of the whole 
visible heavens, has been calculated for every degree of sun’s zenith 
distance from 2(P to 90^, the results being tabulated, and also 
represented graphically These numbers, multiplied by the che» 
mteal light proceeding from the same portion of zenith sky for the 
same zenith distances, must give the chemical action effected by the 
whole diffuse daylight The amount of chemical light which falls 
from the zenith portion of sky is, however, the chemical brightness 
of that portion of sky* This chemical brightness has been deter- 
mined, by the chlonne and hydrogen photometer, on vanous days, 
and at different hours, when the sky was perfectly cloudless A 
table contauis the chemical action, expressed ui degrees of light, 
which 18 effected on the earth’s surface by a portion of zenith sky 
equal in area to 'n/D'irth of the whole vuible heavens, under the cor¬ 
responding sun’s zenith distances from 20° to 90° A curve repre- 
sentmg the relation between the action and the height of tlie sun, 
shows that although the single observations were made on diffi$rent 
years and at different times of the year and day, they all agree 
closely amongst themselves, and hence another proof is gamed of the 
slight effect which variation in the air’s transparency produces, and 
it IS seen that the total chemical action effected by the diflPuse hgbt 
of day may be represented as a function of the sun’s zenith 
distance 

The numbers thus obtained have only to be multiphed by the 
corresponding numbers of the former table, in order to give the 
chemical action effiected by the total diffuse bght of day for zenith 
distances firom 20° to 90° A table and graphic representation of 
these numbers is given* Knowing the relation between the sun’s 
altitude and the chemical action, the chemical illumination effected 
each minute at any given loeaiiiy at a given time may be calculated, 
this calculation has been made for a number of places for each hour 
on the vernal equuiox, tables and curves representing the alteration 



of luminous intensity with the height of the sun at these places being 
given 

From these data it is possible also to calculate the action produced 
by the whole diffuse light, not only for each minute, but during any 
given space of time For the following places the amount of che¬ 
mical illumination expressed in degrees of light which falls from sun¬ 
rise to sunset on the vernal equinox, is— 


Melville Island 

10590 

Reykiavik 

15020 

St Petersburg 

16410 

Manchester 

18220 

Heidelberg 

19100 

Naples 

20550 

Cairo 

21670 


Experiment has shown that clouds exert the most powerful inffu- 
ence in reflecting the chemical rays, when the sky is partially 
covered b} hght white clouds, the chemical illumination is more than 
four times as intense as when the sky is clear Dark clouds and 
mists, on the other hand, absorb almost all the chemically active 
ravs 

The chemical action of the direct sunlight was determined by 
allowing a known fractional portion of the solar rays to fall perpen¬ 
dicularly on the insolation lessel of the chemical photometer* The 
solar rays reflected from the mirror of a Silbermann's hehostat 
were passed through a fine opening of known area into the dark 
room, and a large number of reductions and corrections had to be 
made m order to obtain, from the direct observations, the action, 
expressed m degrees of hght, which the sun shining directly upon 
the apparatus would have produced if no disturbing influences had 
mterfered. This action of direct sunshbe was determmed on three 
diffbrent clondless days for various altitudes of the sun. As the sun 
approached the semth the observed action rapidly increased, thus 
at 7^ 9' AM, on September 15, 1858, when the sun's semth 
distance was 76° 30^ the reduced action amounted to 5 5 degrees of 
light, whilst at 9 *^ 14' a.m on the same day, the semth distance 
being 58° 11', the action reached 67 6 This increase in the sun's 
illuminating power is owing to the diminution in length of the 
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oolumn of ur through which the rays pass If we suppoie the 
atmosphere to he throughout of the density corresponding to a 
pressure 0*76 and a temperature 0^ and consider it as a horaontal 
layer, and if A represent the action effected before entrance into the 
atmosphere, the action, when the ray has passed through a thickness 
of atmosphere is represented by 

W„=A10"“'. 

where * signifies the depth of atmosphere through which the ray 

has to pass to be reduced to ^th of its original intensity, and where 
/ 18 dependent on the atmosphere’s perpendicular height and 
the sun’s zemth distance ^ The numencal values of A a and I may 
be calculated from the direct observations, and hence the action IV, 
effected at any other zenith distance and under a pressure Pj, is 
found from the equation 

-ttA Pi 

where Pq represents the atmosphenc pressure under which A and a 
are calculated A comparison between the actions W, thus obtained, 
and those, W^, found by expenment, shows as close an agreement as 
could be expected where the observational errors are necessarily so 
large. 

From these experunents it is seen, that if tlie sun’s rays were not 
weakened by passage through the atmosphere, they would produce 
an iQummaUon represented by 318 degrees of light, or thtfy would 
effect a combmation in one mmute on a surface on which they fell 
perpendiciilitrly, of a column of hydrochloric acid 35 3 metres in 
height, aasunung that the rays are extinguished by passing through 
an mfinitely extended atmosphere of chlonne and hydrogen. By 
help of the above formula, it is also found that the sun’s rays, after 
they have passed m a perpendicular direction through the atmo¬ 
sphere to the sea’s level, under a mean pressure of 0 76 metre, only 
efibot an action of 14 4 hght-metres, or that under these conditions 
nearly two-tbirds of their ohesneal activity have been lost by extinc¬ 
tion and dispemou m the atmosphere. The total chemical action 
emanating from the sun dunng each minute is therefore represented 
by a column of hydrochlonc acid 35 metres in height, and having 
an area equal to the surface of a sphere whose diameter is the mean 
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dutance of the earth to the son. Or the light iffhich the sun 
radiates into space during each minute of tune represents a chemical 
energ^i by means of which more than 25 biUioiis of cubic miles of 
chlorine and hydrogen may be combined to form hydrochlonc aad. 
In like manner the amounts of chemical action have been calculated, 
which the sun’s rays, undimmished by atmospheric extinction, pro¬ 
duce at the surface of the chief planets The first column of num¬ 
bers gives the mean distances of the planets firom the sun, the second 
oontams the chemical action expressed in light-metres 


Mercury 

0 387 

235 4 light-metres 

Venus • • 

0*723 

67 5 

>» 

Earth 

1 000 

35 3 

%> 

Mars • 

. 1 524 

15 2 

if 

Jupiter 

5 203 

1 3 

$* 

Saturn . 

9 539 

04 

>1 

Uranus 

..19 183 

0 1 


Neptune 

30*040 

0 04 

$$ 


By aid of the formula already given, the authors have been enabled 
to calculate the chemical action effected each mmute by the direct 
sunlight, not only at different pomts on the earth’s surface, but at 
various heights above the sea’s level Both these senes of relations 
are tabulated, and graphically represented On companng the 
numbers and curves giving the action of the total diffuse hght with 
those of the direct solar light, the singular fact becomes apparent, 
that from the North Pole to latitudes below that of Peteraburg, 
the chemusal action proceeding from the diffuse light is, throughout 
the day on the vernal eqmnox, greater than that efibeted by the 
direct sunlight, and that in lower latitudes, down to the Equator, 
the same phenomenon is observed, if not for the whole, still for a 
portion of the day It w further seen, that for all places, and on 
every day when the sun rises to a certain height above the honson, 
fhere is a moment at which the chemical action of the diffhaod light 
IS exactly equal to that of the direct sunbght The tunes at which 
these phases of equal chemical illummation occur can be calculated $ 
they can also be actually ddmamed, by allowing the direot soshjjdit 
alone, and the whole diffuse daylight alone, to M at the same tune 
upon two pieces of the same seaaitued photographic paper, the 
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penod at which both papers become equally blackened, gives the 
time of the phaae of equal chemical intensity Experiment proved 
not only that these points of equality which the theory requires 
actually occur, but also that the agreement between the calculated 
and observed times of occurrence of the phases is verv close, giving 
proof that the data upon which the theory is iounded are substan¬ 
tially correct 

The formula, by help oi which Uie chemical action of the direct 
sunlight effected at any place during any given time can be calcu¬ 
lated, is next developed, and the direct solar action at the following 
places calculated for the vernal eqmnox from sunrise to sunset 
Column 1 gives the action of the direct sunlight during the wliolt 
day, expressed in degrees of light, Column II the action for the 
same time effected by both direct and diffuse solar light. and 
Column III the same action expn ssed in light-mctres — 



I 

11 

in 


Melville Island 

1106 

11790 

1306 metres 

Reykiavik 

5964 

20980 

2324 

99 

St Petersburg 

8927 

25340 

2806 

99 

Manchester 

14520 

32740 

3626 

99 

Heidelberg 

18240 

37340 

4136 

99 

Naples 

26640 

47190 

5226 

99 

Cairo 

36440 

58110 

6437 

99 


The authors next proceed to examine the chemical brightness of 
the sun compared with a terrestrial source of light For this pur¬ 
pose the intensely bright light produced by a wire of magnesium 
bnnung in the air was employed Expenment showed that the 
chemical intensity of the sunlight, undiminished by atmospheric 
extinction, is 128 times greater than that from a surface of incan¬ 
descent magnesium of like apparent magnitude, or that burning 
magnesium effects the same chemical illumination as the sun when 
9 ^ 53' above the horizon, supposing of course that both luminous 
sources present to the illuminated surface the same apparent magni¬ 
tude. A totally different relation was found to exist between the 
visible illuminating power, i e. the effect produced on the eye, of 
the two sources in question. Thus, when the sun’s zenith distance 
was 67° 22', the chemical brightness of that source was 35 6 times. 
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but the visible brightness 525 times as large as that of the terrestrial 
source of light 

In the lost section of this communication the chemical actum of 
the constituent parts of the solar spectrum is inveatigated The 
sun’s rajs were reflected from a Silbermann's hcliostat, and after 
passing through a narrow s1tt> they were decomposed by two quartz 
prisms The spectrum thus produced was allowed to fail upon a 
white screen covered with a solution of quinine, and any desired por* 
tion of the rays could be measured by a hncly-dnided scale, and the 
position noted by observation of the distances from the fixed hnes 
For the purpose of identifying the fixed hnes m the lavender rays, 
the authors were, by tlic kindness of Mr Stokes, allowed the use of 
an unpublished map of the most refrangible portion of the spectrum, 
prepared by that gentleman As the various comjionents of white 
ligfit are unequally absorbed by the atmosphere, it was obviously 
necessary to conduct all the measurements so quickly after one 
another, that no appreciable difference in the thickness of the column 
of air passed through should occur 

This has been accomplished, and a senes of exact measurements 
of the chemical actions of the spectrum for one particular zenith* 
distance of the sun obtained The action on the sensitive gas shows 
the existence of several maxima of chemical intensity in the spectrum 
Between the hues G m the ludigo and H in the violet the greatest 
action was observed, whilst another maximum was found to lie near 
the line I in the ultra-violet rays. Towards the red or least refran¬ 
gible end of the spectrum, the action became imperceptible about the 
line D in the orange, but at the other end of the spectrum the action 
was found to extend as far as Stokes’s line U, or to a distance from 
the line II greater than the total length of the ordinary visible spec¬ 
trum Tables and curves representing the action are given 


VOL, X 


1 



50 


IX. On the Occurrence of Flint-implcnientd^ assootated wittf 
the Remains of Extinct Mammalia^ in Undisturbed Beds of 
a late Geological Period '' By Joseph Pkestwich, Esq , 
F R S , F G S &c Received May 2G, 1859. 

(Abstract) 

The author commences by noticing how comparatively rare arc 
the cases even of the alleged discovery of tlic remains of man or of 
his works in the various superficial drifls, notwithstanding the ex¬ 
tent to which these deposits are worked» and of these few cases so 
many have been disproved, that man's non-existence on tbe earth 
until after tbe latest geological changes, and the extinction of the 
Mammotli, Tichorhinc Rhmoceros, and other great mammals, had 
come to be considered almost in the light of an established fact 
Instances, however, have from time to time occurred to throw some 
doubt on this view, os the well-known cases of the human bones 
found by Dr Schmerling m a cavern near Liege,—the remains of 
man, instanced by M Marcel de Serres and others in several caverns 
in France,—^thc flint-implements in Kent’s Cave,—and many more 
Some uncertainty, however, has always attached to cave-evidenoe, 
from the circumstance that man has often inhabited such places at 
a comparatively late period, and may have disturbed the onginal 
cave-deposit, or, after the period of his residence, the stalagmitio 
floor may have been broken up by natural causes, and the remains 
above and below it may have thus become mixed together, and 
afterwards sealed up^by a second floor of stalagmite Such instances 
of an imbedded broken stalagmitic floor are in fact known to occur , 
at the same time the author does not pretend to say that this will 
explom all cases of intermixture in caves, but that it lessens the value 
of the evidence from such sources 
The subject has, however, been latterly revived, and the evidence 
more carefully sifted by Dr Falconer, and his prehmmary reports 
on the Brixham Cave*, presented last year to the Royal Society, 
announcing the carefully determined occurrence of worked flints 

* On tbe 4th of May, this year, Dr Eslooner farther communicsted to tbe Geo- 
logleel Society some similar facts, though singularly varied, recently diseovered 
by him in the Maocagnone Cave near PaleriOO —See Proc Geol Soc 
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mixed iiidiseiimmately with the bones of the extinct Cave Bear and 
the Rhinoceros, attracted great and general attention amongst geo¬ 
logists This remarkable discovery, and a letter written to him by 
Dr Falconer on the occasion of his subsequent visit to Abbeville 
last autumn, instigated the author to turn hts attention to other 
ground, which, from the interest of its later geological phenomena 
alone, as described liy M Butenx in his ** Esquisse Gi^olugiquc du 
Departement de la Somme,’* he had long wished and intended to 
visit 

In 1849 M Boucher dc Perthes, President oi the ‘‘Soci^d 
d*Emulation ” of Abbei illc, published the first volume of a work 
entitled Autiquites Ccltiqiies et Antediluvieiincs,” in which he an¬ 
nounced the impoitant discovery of worked Amts in beds of undis¬ 
turbed sand and gravel containing the remains of extinct mammalia 
Although treated from an antiquiinan point of view, still the state¬ 
ment of the geological facts h} this gentleman, with good sections 
by M Ravin, is perfectly clear and consistent Nevertheless, both 
in France and lu England, his conclusions were generally considered 
erroneous , nor has he since obtained such verification of the pheno¬ 
mena as to cause so unexpected a fact to be accepted by men of 
science There have, however, been some few exceptions to the 
general incredulity. The late Dr Rigollot, of Amiens, urged by 
M Boucher de Perthes, not only satisfied himself of the truth of 
the fact, but corroborated it, in 185 1 , by his "M^moire sur des 
Instruments en Silex trouvds k St Acheul ” Some few geologists 
suggested further inquiry, whilst Dr Falconer, himself convinced 
by M de Perthes’ explonationB and specimens, warmly engaged 
Mr Prestwich to examine the sections 
The author, who confesses that he undertook the inquiry full of 
doubt, went last Easter, first to Amiens, where he found, as de¬ 
scribed by Dr Rigollot, the gravel-beds of St Acheul cajiping a 
low chalk-hill a mile S.E of the city, about 100 feet above the level 
of the Somme, and not commanded by any higher ground The 
following IB the succession of the beds m descending order.— 

Avenfo thlekneu 

1 Brown bnck-eaith oid ttmh and wma eoiw), 

with an Irregular lied of flint-gravel No organic remains 10 to 15 A 
DhtnonatphntMween } niufStf very smeeen and nulni/ed 
2a Whitish marl and sand with small chalk debris Land 

£2 
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Avenge thlckneu 

and fireihwater ahelU {Lymnea^ Helut^ Utthyntaf 

PianorhiSf PupOt Pmdwm^ and Ancyhu^ all of recent 
■liectea) are common, and mammalian bones and teeth are 
occasionally found . 2 to 8 ft 

2b Coarse snbangular fliiit-gravel,—white with irregnlai 
ochreous and ferruginous seams,—with tertiary flint peb¬ 
bles and small sandstone blocks Remains of shells 
as above, in patches of sand Teeth and bones of the ele¬ 
phant, and of a species of horse, o\, and deer,—generally 
near base This bed is further remarkable for containing 
worked flints (** Haehes ” of M de Perthes, and ** Langues 
de Cbat'* of the workmen) 6 to 12 ft 

Uneven surface of chalk 

Tlie flint-implcments are found in considerable numbers in 21 
On his first visit, the author obtained several specimens from the 
workmen, but he was not successful in finding any himself On his 
arrival, however, at Abbeville, he received a message from M Pinsard 
of Amiens, to whose cooperation he expresses himself much indebted, 
to inform him that one had been discovered the following day, and 
was left m situ for his inspection On returning to tlie spot, this 
time with his friend Mr Evans, he satisfied himself that it was 
truly tn stiu, 1 7 feet from the surface, in undisturbed ground, and 
he had a photographic sketch of the section taken*. 

Dr Rigollot also mentions the occurrence m the gravel of round 
pieces of hard chalk, pierced through with a hole, which he considers 
were used os beads. The author found several, and recognized in 
them a small fossil sponge, the Casetnojpora globularis, D’Orb , from 
the chalk, but docs not feel quite satisfied about their artificial 
dressing Some specimcus do certainly appear as though the hole 
had been enlarged and completed 

The only mammalian remains the author here obtained, were 
some specimens of the teeth of a horse, but whether recent or ex¬ 
tinct, the specimens were too imperfect to determine , and part of 
the tooth of an elephant {Elephaa In the gravel-pit 

of St, Eoch, Ik mile distant, and on a lower level, mammalian 

* On revisiting the pit, since the reading of this paper, in company with 
several geological friends, the author was fortunate to witness the discovcoy and 
extraction by one of them, Mr J W Flower, of a very perfect and fine specimen 
of aint-implement, in a aeam of ochreous gravel, SO feet beneath the surface 
They besides obtained thirty-six specimens from the workmen —June, 1860 
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remains are far more abundant, and include ElephaB pumige^ 
ftttts, Uhtnoceroa hchorhxnuBt Cervua somoneaats, HifB priBcuB^ and 
EquuB ^, but the workmen said that no worked flints were found 
there, although they are mentioned by Dr liigollot 
At Abbeville the author was much struck with the extent and 
beauty of M« Boucher de Perthes’ collection There were many 
forms of flints, in which he, however, failed to see traces of design 
or work, and which ho should only consider as accidental, but with 
regard to those flint-mstrurnents termed "exes’* ("haches”) by 
M. do Perthes, he entertains not the slightest doubt of their artificial 
make They arc of two forms, generally from 4 to 10 inches longi 
the outlines of two B]>cciineii8 are refiresented in the following dia¬ 
gram They arc very rudely made, without any ground surface, 

Fig 2 


Fig 1 




One^hird the natural tiee 

and were the work of a people probably unacquainted with the use 
of metals These implements are much rarer at Abbeville than at 
Amiens, fig 1 being the common form at the former, and fig 2 at 
the latter place The author was not fortuuate enough to find any 

* To thif> list the author hat to add the uf wluch creature 

four fine tuska were obtained oh this last visit 
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specimens himself, but from the experience of M de Perthes, and 
the evidence of the workmen, as well as from the condition of the 
specimens themselves, he is fully satisiied of the correctness of that 
gentleman's opinion, that they there also occur in beds of undisturbed 
sand and gravel. 

At Moulm Quignon, and at St Gilles, to the S £ of Abbeville, 
the deposit occurs, as at St Acheul, on the top of a low hill, and 
consists of a subangulnr, ochreous and ferruginous flint-gravel, with 
a few irregular seams of sand, 12 to 15 feet thick, reposing upon an 
uneven surface of chalk It contains no shells, and very few bones 
M de Perthes states that he has found fragments of the teeth of the 
elephant here The worked flints and the bones occur generally m 
the lower part of the gravel 

In the bed of gravel also on which Abbeville stands, a number of 
flint-implements have been found, together with several teeth of the 
Slepha$ prtmtgeniuat and, at places, fragments of freshwater shells 

The section, however, of greatest interest is that at Menchecourt, 
a suburb to the N W of Abbeville The deposit there is very 
distinct in its character , it occurs patched on tlie side of a chalk 
bill, which commands it to the northward, and it slopes down under 
the peat-beds of the valley of the Somme to the southward The 
deposit consists, m descending order, of— 

Average thirkneie 

1 A mass <rf brown aandy clav, with angular fragment! of 
flints and chalk rubble No organic remains Base very 

irregular and indented into bed No 2 2 to 12 ft 

2 A Ugbt-roloured sandy clay (“ sable gras ” of the work¬ 
men), analogous to the loess, containing land shells, 

mu, Ctb»ma of recent species Flint axes and 
mammalian remains are said to occur occasionally m 
thie bed ® fl 

3 White Mind (“sable aigre”), with 1 to 2 feetof inbangular 
flint-gravel at haie This bed abounds in land and flresli- 
water abells of recent species of the genera Hefur, Succtnea, 

Cyeku, Pwdium, Vahata, Btihgnia, and Planorbta, to¬ 
gether with the manno Suectnum wufa/um, Cardium 
Me, T^Uina ioHdula, and Purpura UptUue, Tlie author 
haa also found the C^reua eomobrina and LitiannaruOte 
With them are associated numerous mammalian remains, 

and, It is said, fllnt-implfments 2 to 6 ft 

4 Light coloured aandy marl, in places very hard, with 

ZwUe», Sufctnaa, and Pupa Not traversed 3 4- 
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The Mammaltitn remains enumerated by M Buteux from this pit 
are,— Elepha9 prmigeniua^ Rhinoceros txchorhxnus^ Cercun somo- 
Means?, Cervus tarandus prtseun, Ursus speUeua^ Hytena spelaa. 
Bos pnmtgentus, Equus adamaticus, and a Felts It would be 
essential to determine how these fossils are distributed—which occur 
in bed No 2, and which in bed No 3 This lias not hitherto been 
done The tew marine shells occur mixed indiscriminately with the 
freshwater species, chiefly amongst the flints at the base of No 3 
They are very friable and somewhat scarce It is on the tup ot this 
bed of flints that the greater number of bones are found, and also. 
It 18 said, the greater number of flint-implements The author, 
however, only saw some long flint flakes (considered by M dc 
Perthes as flint knives) turned out of this bed in his presence, but 
the workmanship was not very clear or apparent, still it was ns 
much so as m some ot the so called flint knives from the peat beds 
and barrows There are specimens, however, of true implements 
(** haches”) m M de Perthes* collection from Menchecourt, one 
noticed by the author was from a depth of o, and another of 7 
metres This would take them out from bed No I, but would 
leave it uncertain whether they came from No 2 or No 3 From 
their general appearance, and traces of the matrix, the author would 
be disposed to place them in bed No 2, but M de Perthes believes 
them to be from No 3, if so, it must have been in some of the sub¬ 
ordinate clay seams occasionally intercalated in the white sand 
Besides the concurrent testimony of all the workmen at the dif¬ 
ferent pits, which the author after careful examination saw no 
reason to doubt, the flmt-implemeuts (^‘haclies”) bear upon them¬ 
selves internal evidence of the truth of M de Perthes* opinion It 
u a peculiarity of fractured chalk flints to become deeply and per¬ 
manently stained and coloured, or to be left unchanged, according to 
the nature of the matnx in which they are imbedded In most clay 
beds they become outside of a bright opaque white or porcelauiic , 
m white calcareous or siliceous sand their fractured black surfaces 
remain ahnost unchanged, whilst in beds of ochreous and ferru¬ 
ginous sands, the flints are stained of the light yellow and deep brown 
colours so well exhibited in the common ochreous gravel of the 
neighbourhood of London This change is the work of very long 
time, and of moisture before the opening out of the beds Now in 
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looking over the large senes of flint-implements in M de Perthes* col¬ 
lection. It cannot fail to strike the most casual observer that those from 
Menchecourt are almost always white and bright, whilst those from 
Monlm Quignon have a dull yellow and brown surface, and it may be 
noticed that whenever (as is often the case) any of the matnx adheres 
to the flint, It is invariably of the same nature, texture, and colour 
as that of the respective beds themselves In the same way at St 
Acheul, where there are beds of white and others of ochreous gravel, 
the flmt-implements exhibit corresponding variations m colour and 
adhenng matnx, added to which, as the white gravel contains chalk 
debris, there are portions of the gravel in which the flints are more 
or less coated with a film of deposited carbonate of lime, and so it is 
with the flint-implcmcnts which occur in those portions of the 
gravel Further, the surface of many specimens is covered with flue 
dendntic markings Some few implements also show, like the 
fractured flints, traces of wear, their sharp edges being blunted In 
fact, the flmt-implcmcnts form just os much a constituent part of 
the gravel itself,—exhibiting the action of the same later influences 
and m the same force and degree,—as the rough mass of fluit frag¬ 
ments with which they are associated 
V^itli regard to the geological age of these beds, the author refers 
them to those usually designated as post-phoeciie, and notices their 
agreement with many beils of that age in England The Menche¬ 
court deposit much resembles that of Fisherton near Salisbury, the 
gravel of Si Acheul is like some on the Sussex coast, and that of 
Moulm Quignon resembles the gravel at East Croydon, Wandsworth 
(Common, and many places near London The author e^en sees 
reason, from the genial physical phenomena, to question whether 
the beds of St Acheul and Moulin Quignon may not possibly be 
of an age one stage older than those of Menchecourt and St. Roch, 
but before that point can be determined, a more extended knowledge 
of all the organic remains of the several deposits is ludispeusablc 
The author next proceeds to inquire into the causes which led 
to the rejection of this and the cases before mentioned, and shows 
lhat in the case of M. de Perthes’ discovery, it was in a great degree 
the small rice and indifferent execution of the figures and the 
introduction of many forms about which there might reasonably 
be a difference of opinion ,<^in the case of the arrow-heads in Kent’s 



Cave a hidden error was merely suspected,—and in the case of 
the Liege cavern he considers that the question was discussed on 
a false issue He therefore is of opinion that these and many similar 
cases require reconsideration, and that not only may some of these 
prove true, but that many others, kept back by doubt or supposed 
error, will be forthcoming 

One very remarkable instance has already been brought under the 
author's notice by Mr Evans since their return from France In 
the K^th volume of the 'Archceologia,' published m 1800, is a paper 
by Mr John Frerr, F R S and F S A , entitled An Account of 
Flint-Weapons discovered at Hoxne in Suffolk,** wherein that gentle¬ 
man gives a section of a hnck-pit in which numerous ilint-implc- 
nients had been found, at a depth of 11 fee i, in a bed of gravel con¬ 
taining bones of some unknown animal, and concludes from the 
ground being undisturbed and above th<» valley, that the specimens 
must be of very great autifjuity, and anterior to the last changes of 
the surface of the country,—a very remarkable announcement, 
hitherto overlooked 

The autlior at once proceeded in search of this interesting locality, 
and found a section now exposed to consist of— 

feet 

1 Earth and a fev^ flmta 2 

2 brown brick-earth, a carbonaceous seam in middle and one of 


gravel at baao; no organic reiuaiuB The workmen stated that 
two flint imiilcments (one of wliith they shortly jiicked up in 
the author b presence) had been found about 10 feet from the 
surface during the last winter » 12 

3 Grey clay, in plaoes carbonaceous and m others sandy, with recent 

land and freshwater shells {Plamrbtt^ f alvata^ ^ucetnee, /’ivi- 
r/ntfli, //eAur, and CycAur) and bones of Mammaha A 

4 Small subangular fliut-gravel and chalk pebbles 

5 Carbonaceous clay (stopped by water) j-h 


The weapons referred to by Mr Frere are desenbed by him as 
beuig found abundantly in bed No. 4, but at the spot where the 
work has now arrived, this bed is much thinner, and is not worked 
In the small trench which the author caused to be dug, he found 
no rcmoiuB either of weapons or of bones He saw, however, in the 
collection of Mr. T. £ Amyot, of Dws, spccinwins of the weapons, 
also an astragalus of the ele[ihant from, it was supposed, this bed, 
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and| from bed No 3. the teeth of a horsej closely resembling those 
from the elephant-bed of Brighton 

The specimens of the weapons figured by Mr Frere, and those 
now in the British Museum and elsewhere, present a singular simi¬ 
larity m work and sliape to the more pointed forms from St Acheul 

One very important fact connected with this section, is that it 
shows the relative age of the bone and implcmcnt-beanng beds 
They form a thm lacustrine deposit, which seems to be superimposed 
on the Boulder Clay, and to pass under a bed of the ochreous sand 
and flint-gravel belonging to the great and latest dnft-beda of the 
district 

The author purposely abstains for the present from all theoretical 
considerations, confining himself to the corroboration of the facts — 

1 That the flmt-implements are the work of man. 

2 That they were found in undisturbed ground 

3 That they arc associated with the remains of extinct Mammalia 

4 That the period was a late geological one, and anterior to the 
surface assuming its present outline, so far as some of its minor 
features are concerned 

He does not, however, consider that the facts, as they at preseut 
stand, of necessity carry back Man in past time more than they bring 
forward the great extinct Mammals towards our own time, the 
evidence having reference only to relative and not to absolute time, 
and he is of opinion that many of the later geological changes may 
have been sudden or of shorter duration than generally considered 
In fact, from the evidence here exhibited, and from all that he 
knows regarding drift phenomena generally, the author sees no 
reason against the cbndusion that this period of Man and the ex¬ 
tinct Mammals—supposing their contemporaneity to be proved— 
was brought to a sudden end by a temporary inundation of the 
land, on the contrary, he secs much to support such a view on 
purely geological considerationB 

The paper concludes mth a letter from Mr. John Evans, F.S A 
and F.G 8 , regarding these implements from an autiquanan rather 
than a geological point of view, and dividing them into three classes *— 

1 . Fhnt flakes,—arrow-heads or knives 

2 Pointed weapons truncated at one end, and probably lance or 
spear heads (fig. 2) 
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3 Oval or almond*ahaped implements with a cutting edge all 
round, possibly used as sling-stones or as axes (fig 1) 

Mr Evans points out. that in form and workmanship those of the 
two last classes differed essentially from the implements of the so- 
called Celtic period, which are usually more or less ground and 
polished, and cut at the wide and not the narrow end . and that had 
they been found under any circumstances, they must have been 
regarded as the work of some other race than the Celts, or known 
aboriginal tribes He fully concurs with Mr Prestwich, that the 
beds of drift in which they were found were entirely undisturbed 


\ “ Observations on the Discovery m various Localities of the 
Remains of Human Ait mixed with the Bones of Extinct 
Races of Animals By Charles Bibbaoe, M A.. 
F R.S &c Received May 26. IS59 

Statements have recently been made relative to the discovery of 
works of human art occurring in a breccia amongst bones of ancient 
animals, hitherto supposed to have been extinct long antenor to the 
existence of our race These observations are supposed by some to 
prove the great antiquity of the human race . whilst others, equally 
competent to form an opinion, admit that the intermixture of such 
remams presents a most perplexing mystery 

Whatever may be the result of yet unpublished or of future and 
more extensive observations, it is certainly premature to assign this 
great antiquity to our race, as long as the occurrence of such mix¬ 
tures can be explained by known causes admitted to be still in 
action 

Two places have recently been pointed out in which such mixtures 
are stated to occur —1st, certain localities in France . 2ud, certain 
caves in Sicily The latter have been visited by Dr Falconer, and 
as the information respectmg them which we at present possess, 
though small, is yet much more definite than what is known of the 
French locality, my explanations will chiefly relate to the latter 

It is stated that one of the Sicilian caves has its sides perforated 
by manne animals 

That on penetrating the stalactitical incrustation covering the 
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roof of the cavcm, And detachmg firagmentSi it was found to consist 
of a breccia of bones of animals long extinct^ mixed with fragments 
of flint or stone, beanug evident traces of human art 

In order to explain these circumstances, it is only necessary to 
admit the upheaval of the land and the occurrence of torrents 



Isf Pertod —Let us suppose two caverns, a lower, A, and an 
upper, B G, communicating with each other by a long rent or pipe 
P ^his pipe may be supposed of any height, suiHcient when filled 
with water to produce the required force 

The lower cavern is supposed to be nearly at the level of the sea 



Pholades and other marine animals will perforate or attach them¬ 
selves to the bottom and sides of the cavern, and if tlio sen entirely 
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fill it the roof, too, oi at least that portion adjacent to the mouth of 
the cavern, may be similarly affected The rocks in which these 
caverns occur may be of any geological age. 

^nd Penod —By the gradual or quick upheaval of the strata in 
which these caverns occur, they may become dry. 

During the rising, or at a later period, fragments of rock may 
have accumulated at the open mouth of the lower cavern, and tluis 
imve stopped up its entrance, leaving the roof, sides, and fioors 
bearing evident traces of having been an oeean rave 

3n/ Period —Ages may have elapsed dunng which other strata 
may have been defiositing m otlicr portions of our globe But 
ultimately the earth became inhabited by those annent, hut now 
extinct mammalia, whose remains abound in its caverns 



Ath Pmodf — Ages may again have intervened when man, in his 
first rude state of existence, entering this deserted den through the 
opening its former occupants had used, might have been glad to 
shelter himself from an inclement dimate in this bone-house of a 
more ancient world. 

Dunng this penod traces of man’s skill would probably be left 
witbm his miserable abode, pottery, if he possessed the art, char¬ 
coal or charred wood, if he were acquoiuted with lire, rude cutting 
instniments of flint or other hard stone, perhaps spear or arrow¬ 
heads 
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Fag 4 repreients the caverns at the end of the fiiurth period 



5M Period —Torrents entering by tlie aperture at C, might now 
have swept through the upper caveni, perhaps at successive intervals 
of time The effect of such torrents would be to wash from the 
sloping floor of the upper casern, the mixed remains of animal and 
human lifci together with the earliest traces of human art 

li^ome of these catastrophes, the workman^ as well as his work, 
may have been entombed together in the lower cavern 



Thus ni the course of time the whole of the lower cavern ma) 
have been filled np even to the roof 
This state » represented in fig 5 
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The effect of infiltration through the roof would now cement into 
a breccia the mingled remnants from the upper chamber, and enclose 
them, as it were, in a marble monument, in their new, though not 
their latest resting-place 

But the infiltration proceeding from the roof would act first, and 
most powerfully, in cementing the upper part of the intruded mass 
The lower portion would be less consolidated, and therefore less 
capable of resisting any pressure from abo>c 

6th Period —In the progress of time, some torrent of extra¬ 
ordinary magnitude may have penetrated through the upper cavern, 
and, filling the channel or pipe P, have acted by its hydrostatic 
pressure on the semi-consolidated matter in the lower one As the 
water accumulated in the pipe, the pressure would become immense, 
and ultimatclv the materials included in the lower cavern would give 
way at their point of least resistance This would probably be 
towards the middle or bottom of the ongnial entrance The first 
sudden rush would probably clear out the greater part of the con¬ 
tents of the lower cavern, leaving, however,— 

Ist Those portions attached to the roof bv the infiltrated 
matter 

2nd Those portions on the fioor more consolidated by pressure 
than the middle which gave way, and also other portions of the 
loose rubbish which the form of the floor at the entrance of the 
cave might have intercepted in its course 

After this reopening of the lower cavern, the access of air would 
accelerate evaporation from its roof, and that portion of the breccia 
still adhering to it would gradually acipiire the external coating of 
stalactite which usually occurs in caves 

In the meantime the dropping from the roof, falling upon the 
floor, might also contribute to consolidate the remaining fragments, 
and, although more slowly, cover the whole of them with a stalog- 
mitic floor 

In this state, on entering the lower cave, the walls would be found 
perforated by marme animals, and no traces of animal hfe or of human 
art would present itself, but on excavating the floor, both would be 
found below the stalagmite , whilst if the curious inquirer should 
drive his pick into the roof, its fVagments would bear testimony to 
the same fact 
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Fig 6 represenia the final state of the cavern 



That caverns are occasionally filled with water, and after remaining 
full perhaps for centuries, are drained by artificial or natural causes, 
18 well known A very interesting case presented itself to me when 
nsiting the caverns of Mitchelstown in Ireland 
These cavenis had recently (1833) become accessible, and were 
then very imperfectly explored. 1 expressed to the guides my wish 
to visit some of the unexplored portion, and, after traversing various 
chambers dunng six hours, we entered a long and lofty cavern, the 
fioor of which sloped rather steeply towards one side. The whole 
fioor was covered with a coat of soft red mud, about three inches 
thick, still bolduig a portion of the water in which it had been sus¬ 
pended. No trace whatever of the footsteps of man or of animals 
appeared, the xrapnTision of our own feet alone marked the track 
up to the point which we had reached Being rather in advance of 
my companions, my attention was suddenly attracted by what ap¬ 
peared to me to be about a bushel of soot lying m a small heap on 
the floor. On examination, 1 found it to consist of a moist spongy 
substance, of a black colour, which might, if dry, have assumed the 
form of a coarse black powder. Asking the opmion of my gmde, he 
suggested that it might have been the /emains of a fire hghted by 
some previous explorer; but this was inadmissible I looked round 
for matter of the same kind, but on further search 1 could not 
detect any other instance, however, accidentally casting mj eye 
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towards the roof of the cavern, I uhserved a black patch vertically 
above the heap of supposed soot lying ou the floor, and from 20 to 
30 feet above it The dotted line, a It, fig 5, mav repre¬ 

sent the position 

On my return from the ca\crn] exannntd the black sooty matter, 
and found that it left but very small traces under the action of the 
blowpipe 

On the following day, having made inquiries us to the drainage of 
the neighbouring countiy, 1 was informed that about twenty years 
before my visit, a stream of water hud beim diverted from the \alley 
in nhich it origiiinlly flowed, into another adjacent valley 

1 then Msited several (fuarncs, iii one of which, nboiii a mile from 
the eaves, 1 observed a small stream of water terminating in a little 
pool or sink In this fioul 1 noticed ^slight cddits, which oe cabionallv 
sucked in ve^v small particles Aviating on the surfact ot the water 
1 now visiIchI the valk\ trorii whicdi the origiiml bt return had been 
diverted, and found at some elevation a peat bog to whudi it had pro- 
bably given rise This peat was ui several parts nearly hliu k , the most 
decayed portion greatly resembled the black matter 1 bad brought 
from the cavern The origin ot this black matter in the euvern now 
became apparent 

The large caverns 1 had visited were considerably below the lev el 
of the peat moss, and the stream whu h Aowed through it A portion 
of Its waters was conveyed by sinks and crevie^es into the caves, and 
kept them continually full There must, however, have been some 
very small leakage through which, when the stream which supplied 
the water was cut off, those caverns were, after many years, laid dry, 
A small mass of oucoiisohdated pe^t, sufiiciently light to Aoat, 
must have been conveyed by the water into those caverns When 
It arrived at the spot ou which the black matter was found, the 
piece of peat which still floated must have been pressed against the 
roof of the cavern Heniainiiig there undisturbed for years, it may 
have become by deconiposiUou specifically heavier than water, and 
then have subsided vertically down on the floor to the place ou which 
I found u, leaving ui the black spot on the roof the oertifioatc of its 
former residence, Ou the other hand, the piece of peat may have 
retained its power of floating, and only liave descended to the floor 
of the cavern by the slow escape of the water 

VOL X f 
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Such ciFcumstanceB os these ought to induce us to exftmme with 
great caution, any instances of the occurrence of works of human art 
mixed with the remains of auiinab not yet proved to have been co- 
existent with man Accident might have conveyed and hidden m the 
Kf itcheUtown caverns, a portion of human dress instead of a patch of 
peat It IS obvious that under slightly altered circumstances, in¬ 
struments formed by man, the bony remains of his frame, oi those 
of other recent animals, might, by still existing causes, be convc} cd 
into deep recesses in the bowels of the earth, and there deposited 
with the remains of animals of an entirely dilfcrcnt geological 
age 

Cases might occur in which the water passing m larger quantity 
would convey into such caverns a quantity of suspended mud, 
differing in its character at vanous seasons, and thus silt up the 
confused relics of distant ages in a regularly stratified dc|K>sit 

It 18 quite possible that the human remains might thus be 
enclosed beneath the stalagmitic crust, whilst the more ancient 
remains were scattered above it, uncovered, or cohered hv another 
coat of stalagmite 

If we suppose the existence of two upper caves, B and C, at dif¬ 
ferent heights, each separately communicating with the lowest cave, 
A, as m fig 7, then still more remarkable facts might ultimately 
present themselves to those whom accident should lead to examine 
the lowest cave If, for example, the highest of these caves (C) 
contained only the remains of the extinct races of animals, and the 
otlier, or middle cave (B), nothing but those of man and the works 
of hiB own hands, the following senes of events might occur 

1st A flood directing its course wholly through the middle cave 
(B), might wash down the fragments of the hones and works of 
man from that cave, and deposit them on the floor of the lowest 
cavern (A) 

2 nd In a long senes of years, a thick stalagmitic covenng might 
be formed, giving an entire new stony floor to that cavern 
3rd Afterwards another flood, nsin^ to a higher level, acci¬ 
dentally taking its course through the highest cave (C), might cover 
this new stalagmitic floor of the lowest cave (A) with the bony frag¬ 
ments of these more ancient animals 
4th The continued infiltration from above might again cover 
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these remains with another thick coating of stalagmite , such altera 
tioiiB might even he several times repeated 
The annexed sketch will explain this ease more clearlv — 

Fig 7 



The great geological law, that the order of succession of strata in¬ 
dicates the order of thur antiquity, the lowest being always the 
oldest, is limited by the condition that those strata shall not have 
been removed from their onguuil beds 

But the action of causes still existing may have produced apparent 
deviations from this order, and tlie present state of geological science 
seems to require an examination of siirh exceptional cases 

If a great nver, similar to the Minsissippi or the Amazon, flowed 
through a countrj whose superficial stratum consisted of a thin bed 
of chalk succeeded by gault, then during thousands of ages it 
would distnbute, by means of an ocean current, its milky burden 
01 er the bottom of the existing ocean, on which, after a lengthened 
interval, a bed of chalk would reappear 
When the superficial bed of chalk over which the nier flowed 
was cut through, its waters would begin to act on the newly-ixposcd 
gault, and aflcr another period of equally vast length, a stratum of 
gault might cover the chalk, thus producing an extensive inversion 
of the two strata 

But this would be dependent on the relative fineness and specific 
gravity of the particles of the two substances It is po99ihle that 
the particles of gault, if larger or of greater specific gravity than 
those of the chalk, might arrive at a greater terminal lelocitv, and 
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even overtake ntid pass through those of the clinlk still suspeiideil, 
thus forming a bed below the chalk, or a mixed lied of chalk passing 
into gault, and then ultimately a bed of gault above the chalk 
In such circumstances few or none ot the larger fossils would 
occur, but [tOBBibly the remains of infusorial animals might enable us 
to identify the material of the ancient and of the new but inverted 
deposit of gault 

The case of remains of human art found imbedded with hones of 
extinct races of animals in deposits of ancient grn>e], seems to 
require a different explanation 

Admitting, howeicr, the custence of those animals to have been 
contemporaneous with the original distribution of the graxel, it by no 
means certainly follows that the race of man was coeval with them 
For llu remains of man and his rude arts miglit occur on the 
surface of that gravel long ages after the extinction of those races of 
aiumals Several causes might produce their mixture — 

1 st A last lake burstiug its barriers by erosion, or by an earth’ 
quake, might carry before it in its impetuous course die superficial 
remains of man, mixed up with xast quantities ot gravel, contaming 
the bones of the extinct races of aiiiinnls, and deposit them over a 
large area of land at a lower level 

2nd The change of the course of a nver, or of a branch of its 
delta, might produce the same mixture of the rcinams of two distinct 
and far distant ages It might, by the clearing out of its new 
chanucl, carry off the gravel and the remains of extinct animals, and 
depomt them, mixed up with spccimtris of huinau art, on spots 
which, afler a few centuries, might again reappear as drv land 
drd A narrow pass, the outlet of a stream of water, might be 
stopped up by the avalanches falling from a glacier after a severe 
winter, and the lake formed by the stream might thus penodically 
nsc, until the pressure broke through the barner 
4th. Amongst the phenomena occurring during earthquakes, it 
has been observed that large cracks have suddenly opened and as 
suddenly closed, either immediately or shortly after Dunng these 
momentary or temporary openings, the remains of the arts of man, 
and cien man himself may have dropped mto the chasm Under 
such circumstances, remains of man and his arts might occur in 
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fommtiiuis uf any (iHte It the cluil otiUircil m rock or in any 
very bard material, truces ot it would remain to indicate their origin 
It it occurred in clay or softer materml, the track tlirougli wliitli 
these remains entered might be partially or even entirely obliterated 
If the cleft occurred m tolerably compact gruvel and then imme¬ 
diately closed, it would scarcely be possible at a future period to 
trace its origin 

Tht discussion of the recent observations ot Mr iVestwich on 
flints^ worked apparently by the hand ot man, found dt'eply im- 
bedilid 111 ancient gravel, as well as the extensive obscr^atums of 
Dr Falconer oil the bone-caves ot Sicily, ba\c given a new and 
important interest to the great rpiestioii ot the antiquity ot the resi¬ 
dence ot our race on the planet we inhabit 

Having examined a tew of these dint-instruments, I am satisfied 
that several ot them have been worked by human iiauds This 
opmum is ioiiuded upon the previoim e\amination many years ago ot 
the mode then used tor making giiii-fliiits 

Amongst the many valuable observations ot Dr Falconer, one 
fact to which he testifies deserves the most marked attention, 
and may possibly assist in directing us to the true solution ot the 
problem 

Dr Falconer has noticed the fact that the greater portion ot tliese 
Imiies belong to the Hippopotamus, and also that they oecui in their 
several deposits in enormous numbers lu each cave there must 
have been several thousands, if not tens of thousands, ot imlividunls 
The question luimediately suggests itself, what causes produced this 
vast collection ot individuals ot tiie same race entombed ai one 
common sepulchre ^ 

It 18 scarcely possible to suppose that any instiuct could have led 
the Hippo|iotamus, when death appmached, to liave chosen particular 
spots where the bones of his race were exposed to his >iew If this 
were so, then most probably the existing race would [lossess the same 
instinct 

Another question arises Were these remains originally dejiosited in 
dififerent localities, and afterwards transported by some common cause 
to these various caverns and beaches ^ Water seems the only probable 
mode ot conveyance if tins were so, traces of the rolling action of 
water must be found on aU the bones, but this 1 apprehend is not 
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the case. Moreover, it is difficult to coaceive how water could have 
collected the bones of a multitude of individuals of the same race, 
distributed over a wide extent of country, into a few favoured 
localities The bones of all other animals inhabiting the same 
country, and remaining on its surface, would have been exposed to 
the same action, and should have been deposited in the same tomb 
If these animals all perished at the same time in each locality, some 
common cause must have produced the catastrophe 
Although the existing evidence may be lUBufhcient to lead us to 
the true solution of this interesting question, yet it may be useful to 
throw out hvpotheses, which, by accounting for some of the facts, 
shall direct the attention of future observers to the exaimnatiou of 
such special points as may either partially support or directly dis¬ 
prove these conjectures 

With this view 1 shall offer two conjecturts, one dependent on the 
subsidence ot the land, the other upon the nsing of the waters 
Conjerture I —By the subsidence of the land 
Let us imagine that the basin of the bottom of the Mediterranean 
had at a former period been on a level with, or just above the 
African continent Sicily and the various islands would then iiave 
stood above it as mountain chains 
One portion of the drainage of this land may have been effected 
by a vast nver passing mto the Atlantic through the opening now 
known as the Straits of Gibraltar 
In this state of things extensive freshwater lakes and other large 
rivers may have contnbuted to support large herds of Hippo¬ 
potami 

In such circumstances the gradual subsidence of this land would 
check the outflow of its nvers, and occasion extensive marshes and 
lakes, a state of things favourable to the increase of the Hippo¬ 
potami As the subsidence proceeded, those animals whidi dwelt 
on the banks of the lakes and nvers would be dnren inland. The 
waters of the Atlantic, entenng through the channel of the former 
nver, would convert the low ground and the marshes mto sea, and 
thus gradually isolate the sinking land from the Afncan coast 
When this state of the country had caused the Hippopotami to 
multiply rapidly, an increased rapidity in the sinking of its lands 
through the waters, might drfVf those animals rapidly to the higher 
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UndSy which would then form ulands, on the borders of which they 
would congregate m multitudes, until numbers of them, collected in 
ravines, rushing on m their attempts to escape in search of food, 
might trample each other to death and leave their bodies at the foot 
of impassable precipices washed by this new sea 

Con^ectuTt 11 -^Let us suppose that the basm of the Mediter¬ 
ranean was formerly dry land shut in from the Atlantic by a barrier 
at the Struts of Gibraltar In these circumstances the whole of the 
present Mediterranean Sea would have been a country sunk more or 
less under the level of the ocean, just as a large tract of country 
around the Dead Sea is at present 

The country included in this great depresuon might be wanner 
than others situated in the same latitude, and would bo full of lakes 
fed by nvcrs, since there could be no druuage except from evaporation 
It would therefore probably be favourable to the growth of the 
Hippopotamus 

Imagine now some convulsion to have opened the Straits of 
Gibraltar, so as to have allowed the waters of the Atlantic to enter 
this vast basin The Salt river thus introduced might require days, 
or weeks, or months, or years, before it filled this immense cavity, it 
might also increase its velocity as it wore away the channel of its 
entrance. 

Under these circumstances the Hippopotami would be gradually 
dnven to the lugher ground, and those mountainous regions which 
now form the islands of the Mediterranean would then have re¬ 
ceived on their shores the hosts of animals, dnveti by this inundation 
to seek dry land on which to repose and food on which they might 
subsist 

Both of these hypotheses account for the aggregation m different 
localities, of the remains of large numbers of animals of the same 
class, dwelling amongst rivers and lakes , botli equally account for 
their destruction ou the same spots, either by trampling each other to 
death m the rush to escape, or by the slow(*r processes of drowu- 
lug or starvation But neither hypothesis accounts for the fractured 
state of these boues, even though the animals should have rushed 
over the precipice It might be expected that sonic portion of these 
Hippopotami, escaping ftxim the deluge which destroyed their race, 
would have reached the plains ol some larger island, and then 
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separating in search ot food, have left their carcases, wasted by 
famine, variously scattered at a distance from each other 
The following qiiostions are thus suggested for inquiry — 

Are the bones of young and of old animals mixed indiscriminately 
throughout the whole of these bone-lieds ^ 

Is It possible to distinguish the bones ot females fnnn those of 
males ^ 

Do the bones of the larger and stronger individuals occur m 
greater abundance near the top of the bone-beds, and iiiose ot tlie 
smaller and feebler animals nearer the bottom of those beds ^ 

If the sea followed these animals quickly, the young and the 
feeblest would perish before they reached the great deposits of Ijones 
Although not at all confident that either <if these explanations is 
the true one, 1 look upon them as open to less objection than any 
other of which 1 have yet heard, and therefore give them a tem¬ 
porary assent 

The conclusion to which these remarks lead, is that whilst we 
ought to be quite prepared to examine any evidence which tends to 
prove the great antiquity of our race, yet that if the facts adduced 
can be explained and accounted for by the operation of a tew simple 
and natural causes, it is unphilosophical to infer the coexistence of 
man with those races of extinct animals 
The interest and importance of the subject are such, that new and 
still more extensive researches cannot tail to be made, and if these 
remarks shall in any way contribute to lighten the labour ot future 
inquirers, or to promote the true explanation of the facts, they will 

have fully attained the object of their ])ublication 
* 

XI " Remarks on Culour-Blindness ” By Sir John F W. 
Hekscubl, Bart, F R S. 

[Extracted from a Report by Sir J F W H on Mr. Pole's paper 
on the same subject*, and cominuuieatod at the request of the Pre¬ 
sident and Council ] 

I consider this paper as lu many respects an exceedingly valuable 
contribution to our knowledge of the curious subject of colour-blind- 

• ** Proceeding*,” Yol \ni i» 172, und vol.ix p 716 
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nm—1st, becanse tt is the only clear and consecutive account of 
that affection which has yet been given by a party affected, in pus* 
session of a knowledge of what has yet been said and written on it 
by others, and of the theories advanced to account for it, and who, 
fVom general education and habits of mmd, is in a position to discuss 
his own case sciontificallv. and 2ndly, for the reasons the author 
himself alleges why such a person is really more favourably situated 
for describing the phenomena of colour*blindness, than any normal- 
eyed {lersoti can possibly he It is obvious that on the very same 
pnnciple that the latter considers himself entitled to refer all his per¬ 
ceptions of colour to three primary or elementary sensations— 
whether these three he red, blue, and yellow, as Mayer (foUowetl in 
this respect by the generality of those who have written on colours) 
has done, or red, green, and violet, as suggested by Dr Young, 
reasoning on Wollaston's account of the appearance of the spectrum 
to his eyes—on the very same principle is a person m Mr Pole's 
condition, or one of any other description of abnormal culour-vision, 
quite equally entitled to be heard, when he declares that he refers his 
sensations of colour to two primary elements, whose combination in 
various proportions he recogmzes, or thinks he recognizes, in all hues 
presented to him, and which, if he pleases to call yellow and blue, no 
one can gainsay him , though, whether these terms express to him 
the same sensations they suggest to us, or whether las sensation of 
bght with absence of colour corresponds to our white, is a question 
which must for ever remain open (although I think it probable that 
such IB really the case)* All we are entitled to rcqmre on receiving 
such testimony is, that the party giving U should have undergone 
that sort of education of the eight and judgment^ especially with 
reference to the prismatic decompoeition of natural and artificial 
colours, for want of which Uie geuerahty of persons whose vision is 
unimpeachably normal, appear to entertain very confused notions, 
and are qmte incapable of discussing the subject of colour m a 
manner satisfactory to the photologist 
It » as ueoessary to disUnguish between our sensations of colour, 
and the quabtiea of the light producing them, as it is to distinguish 
between bitterness, sweetness, sourness, saltnesa, &c, and the che¬ 
mical cousfitutum of the seieral bodies which we coll bitter, sweet, 
&C. Whatever their views ot prismatic analysis or composition 
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might BOggett to Wolluton and Young, 1 cannot penuade myself 
that either of them recognized the tcnsatton of greenness as a con- 
statneut of the sensations they received m viewing chrome yellow, or 
the petal of a Mangold on the one hand, and ultramanne, or the 
bine Salvia on the other, or that they could fail to recognize a certain 
redness in the colour of the violet, which Newton appears to have 
had in view when he regarded the spectrum as a sort of octave of 
colour, tracing in the repetition of redness lu the extreme refrangible 
ray, the commencement of a higher octave too feeble to affect the 
sight m its supenor tones Speaking of my own sensations, 1 
should say that in fresh grass, or the laurel leaf, I do not recogmze 
the sensation either of blue or of yellow, but something aut ^rneria , 
while, on the other hand, I never fail to be sensible of the presence 
of the red element m either violet, or any of the Jmes to which the 
name of purple is indiscnmmatcly given , and my impression in this 
respect is borne out by the similar testimony of persons, good judges 
of colour, whom 1 have questioned on the subject 

I would wish, then, to be understood as bearing lu mind this 
distinction when speaking of the composition of colours by the super¬ 
position of coloured lights on the retina It seems impossible to 
reason on the joint or compound sensation which ought to result 
from the supraposition in the seusonum of any two or more sensa¬ 
tions which we may please to call primary, so that if, followmg 
common usage, I speak m what follows of red, yellow, and blue (or 
in reference to Young’s theory of red, green, and violet) as primary 
coloura, 1 refer only to the possibihty of producing all coloured sensa¬ 
tions by the union on the retina of different proportions of lights, 
competent separately to produce those colours, which is purely a 
matter of experience 

It is necessary to premise this, when I remark that 1 by no means 
regard as a logical sequence Mr. Pole’s conclusion m § 15, that 
because be perceives as colours only yellow and blue, therejbre the 
neutral impression resultmg from their union must be that sensation 
which the normal-eyed call green On the contrary, 1 am strongly 
disposed to believe that he sees white as we do, for reasons which I 
am about to adduce 

Mr Maxwell has lately announced his inability to form green by 
the combination of blue and yellow On the other hand, the pns- 
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maiic analysu of the fuUeat and most vivid yellows (those which 
excite the sensation of yellowness in the greatest perfection), as the 
colours of bnght yellow flowers, or that of the yellow chromate of 
mercury, clearly demonstrates the fullness, nchness, and bnlhancy 
of their colour to arise from their reflexion of the whole, or nearly 
the whole of the red, orange, yellow, and green rays, and the sup¬ 
pression of all, or nearly all the blue, indigo, and violet portion of the 
spectrum. On the hypothesis of an analysis of sensation correspond¬ 
ing to an analysis of coloured light, these facts would seem incom¬ 
patible with the simplicity of the sensation yellow, and it would 
appear impossible (on that hypothesis) to express them otherwise 
than by declaring red atid green to be primary sensations, and yellow 
a mixture of them—a proposition which needs only to be understood 
to be repudiated—quite as decidedly as that the sensation of green¬ 
ness IS a mixture of the aensattomof blueness and yellowness, and for 
tiie same reason, the complete want of suggestion of the so-called 
simple sensations by the asserted complex ones 
Mr MaxwelPs assertion that blue and yellow do not make green, 
assuredly appears startlmg as contradictory to all common expenence, 
but the common expenence appealed to is that of artists, dyers, and 
others in the habit of mixing natural colours as they arc presented to 
us m pigments, coloured tissues, &c, who have for the most part 
never seen a prismatic spectrum, or at least attended to its pheeno- 
mena The perceptions of colour afl<iidcd by such objects are those 
of white light from which certain rays have been abstracted by ab¬ 
sorption, that IS to say, they are negative or hues of darkness 
rather than of light, inasmuch os all the colouring of the artist is 
based, not on the generation, but on the destruction of light This 
circumstance, which is not generally recognised, even among edu¬ 
cated artists, has vitiated all the language of chromatics as applied to 
art, and so placed a bamer between the painter and the pbotologist, 
which has to be surmounted before they can come to a right under 
standing of each other’s meaning It is evident, that, to make 
experiments on the subject free from this objection, absorptive 
colours must be discarded, at least in bodily mixture with each other 
Thus It » true that a dingy green may be produced by rubbing 
together in powder prusstan blue and the yellow chromate of mer- 
bury above mentioned, but both these agree in reflecting a con- 
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wdenble, aud the latter a rery large proportion of green light, to the 
predotninanoe of which in the joint reflected beam its tint is owing 
So also, when blue and yellow liquids (not acting chemically on each 
other) are mixedi as in watercolour drawings, greens, souietimes 
yety lively ones, are produced In these eases the yellow absorbs 
almost all the whole of the incident blue, mdigo, aud violet light, and 
the blue a very large proportion of the red, orange, and yellow, both 
allowing much green to pass, and to ih%B, rather than to a mixture of 
the other rays, the resulting tint is due 

In the light transmitted by cuprate of ammonia of a certain thu k- 
ness, the red, orange, yellow, and green are wholly extinguished, 
while the blue, indigo, and violet are allowed to pass The result is 
the fullest and bluest blue it is [Hissible to obtain From tins result, 
compared with that derived from the analysis of natural yellows, it 
follows that the union on the retina of the yellowest yellow, and the 
bluest blue, in such proportions that neither shall be in excess, so as 
to tinge the resulting light either yellow or blue, is not ffreen, hut 
wh%te The same conclusion follows from dividing the spectrum 
into two, the one portion containing all the less refrangible rays up 
to the limit of the green and blue, the other all the remaining rays 
If the blue portion be suppressed, and the remainder reunited by a 
refraction in the opposite dire^^tion, the resulting beam is yellow^ if 
the other, ft/we, both vivid colours—but if neither, white of course, 
and not green, results from the exact recomposition of the original 
white beam 

It may be objected to this, that in the complementary colours 
exhibited by doubly refracted pencils in polarized light, yellow u 
often found to^be complementary to purple, and blue to orange 
But lu neither of these pairs of colours is the spectrum divided in 
the manner above indicated, and, moreover, in many lustaiices yellow 
and blue are found as complementary colours in the oppositely 
polarized pencils , of which examples will be found lu the scale of 
tints produced by sulphate of barytes in my paper “ On the Action 
of Crystallized Bodies in Homogeneous Light” (Phil Trans 1820, 
Table I) “ Rich yellow” appears also as opposed to “ full blue” 

in the scale of complementary tints exlnbited by mica in my Trea¬ 
tise on Light” (Encyc Metrop*, art fi07). It is not asserted that 
either a good yellow or a good blue tuimot be produced otherwise 



77 


tlmn in a particular innuner, but that they enn he produced m that 
fiarticulai manner^ and that when m produced, their union aifectfl 
the eye with no sensation of greemiess 

Let two very narrow strips of white [taper, A, B, be placed parallel 
to one another in flunshiiie, so ns to be seen [irojected on a perfectly 
black ground (a hollow shadow), and viewed tlirongh a pnsin haniig 
the refracting edge fiarallel to them, the refraction being towards the 
eye, and let the nearer B be gradually removed towards A, so that 
the red portions of B's spectrum shall fail upon the green portion of 
A*s Their union will produce yellow, or, if too far advanced, 
oranye On the other hand, it will be seen that the yellow space in 
B’s spectrum on which the blue of A*s falls is replaced bv a stxeak 
of white,^i%hitene8s, and not greenness, being the resultant of the 
joint action of tliese rays on the retina If the stnps he made 
wedge-shaped, tapenng to hue points, and A being still wliite, B be 
made ol paper coloured with the yellow chromaU of mercury before 
mentioned, the wliiteuesH of the streak where the blue ot A mixes 
with the yellow of B near the pointed extremities will be \ory 
striking 

There is a certain shade of cobalt-blue glass whieii msulates, or 
very nearly so, a definite yellow ray from the rest of the spectrum, 
suppressing the orange and a great deal of the green If the spec¬ 
trum of B, formed aud coloured as last desenbed, be viewed through 
this glass, a very well-defined image of it, clearly separated from its 
strong red and very faint blue images, will be seen As the glass m 
question allows blue rays to pass, the white object, A, besides its 
defimte yellow image, will form a brood blue, indigo, and violet train 
nearer to the eye. Now let B be gradually brought up towards A, 
so that the violet, mdigo, and blue rays of this tram shall comcide in 
succession with the yellow image of B,—m> aeneahon of yreermesa wUi 
artat at any part o/^ta mooemant Again, if a white card be laid 
down on a black surface, the edge nearest the eye, when refVacted 
towards the spectator by a prism, will of coarse be fringed with the 
more refrangible half of the spectrum Let this be viewed through 
such a glass, and m the blue space so seen mtroduoe one half of a 
narrow rectangular slip of paper thus coloured, having its ii^per edge 
m contact with Uie lower ed^ of the white card, the odier half pro¬ 
jecting laterally beyond the card. In this arrangement the definite 
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image of the yellow paper insulated by the glass will be seen divided 
into a ytllow half, projecting lieyond the blue fringe, and a purplish- 
or bluish-white one within it, hardly to be distinguished from the 
image of the white paper, of which it seems a continuation, and 
which through the glass in question appears a pale blue This same 
purplish tint was observed to arise also under the followmg cireum- 
stanoes *—Layiug down m a good diffused light a paper of an ex¬ 
ceedingly beautiful ultramanne blue, and beside it, and somewhat 
overlapping it, another coloured with the same yellow chromate, 1 
set upon the line of junction a sheet of glass inclined to the plane of 
the papers upwards towards the eye, so as to allow the blue to be 
seen by transmitted light, while the yellow reflected from the glass 
was at the same time received into the eve By varying the inclina¬ 
tion of the glass, the yellow reflexion could be made more or less 
vivid, so as either to be nearly imperceptible or quite to hll the 
blue of the paper But at no stage of its intensity, gradually in¬ 
creased from one to the other extreme, was the slightest tendency to 
greenness produced The colour passed from blue to yellow, not 
through green, but through a pale uticertaui purplish tint, not easy 
to desenbe, but as remote from green as could be well imagined 

Of course in all such experiments one eye only must be used 
Stereoscopic superpositiou of colour, which at first sight would ap¬ 
pear readily available, does not satisfy the requisite conditions, and 
yields no definite results 

The conclusions from these facts may be summed up as follows — 
Ist. That in no case can the sensation of green be produced by the 
joint action on the eye of two lights, in neither of which, separately, 
prismatic green exists , 2udly That the joint action of two lights, 
sqiarately producing the most lively sensations of blue and yellow, 
does not give nse to that of green, even when one of them contatne 
m tie eompontum the totahtp of green Ught in the ^ectrum^ 
and, drdly lliat all our liveliest sensations of yellow are produced by 
the joint action of rays, of which those separately exciting the ideas 
of red and green form a large majority , and that a decided yellow 
impression ts produced by the union of these only 

From these premises it would seem the easiest possible step to 
eonelude the non-existence of yellow as a primary colour But this 
eondusum I am unable to admit in the face of facts,—Ist, that 
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a yellow rtty, incapable of prismatic analysis into green and red, may 
be shown to exist, both in the spectrum and in flames in which soda 
IS present, and 2ndly, that neither red nor green, as sensations, are 
m the remotest degree suggested by that yellow m its action on the 
eye Whether under these circumstances the vision of normaheyed 
persons should be termed tnchromic or tetrachromic, seems an open 
question 

That Mr. Pole’s vision is </tchromic, however, there can be no 
doubt If 1 could ever have entertained any as to the correctness 
of the views 1 have embodied of the subject in that epithet, after 
reading all 1 have been able to meet with respectmg it, this paper 
would have dispelled it That he sees blue as we do, there is no 
ground for doubtmg, and I think it extremely likely that his sensa¬ 
tion of whiteness is the same as ours Whetlier his sensation of 
yellow corresponds to ours of yellow, or of green, it is impossible to 
decide, though the former seems to me most likely 

One of the most remarkable of the features of this cose, and in¬ 
deed of all similar ones, is the feebleness of the efficacy of the red 
rays of the spectrum in point of illuminatmg power, which certainly 
very strongly suggests an explanation drawn from the theory of three 
primary coloured ^^ec^es of hght^ to one of which the colour-blind 
may be supposed absolutely insensible. Mr Pole himself evidently 
leans to this opmion I had satisfied myself, however, in the cose 
of the late Mr Troughton, that the extreme red—that pure and de¬ 
finite red which is seen m the solar spectrum only when the more 
lummous red is suppressed, and in which 1 cannot persuade myself 
that any yellow exists, was not invisible to him,—^though of course not 
seen as red , and on supplying Mr Pole with a specimen of a glass, 
so compounded of a cobalt-blue and a red glass as to transmit posi¬ 
tively no vestige of any other ray, but that copiously, so that a 
candle seen through it appears considerably luminous, and the 
window-bars agomst a cloudy sky are well seen if other light be kept 
flrom falling on the eye,—T am informed by him that be saw through 
It ^'gas,>fre and other strong bghts with perfect distmctness,” and 
that the colour so seen is a “very deep dark yellow ’* Now it seems 
to me impossible to attribute this to any minute per-centage of yellow 
light of the same refrangibihty, which this can be supposed to con¬ 
tain. The punty of its tint is extraordinary, and its total intensity 



80 


HO 9 mall» tliat supposing it reduced to one tenth of its lihiminating 
power by tlie suppression -of the whole of its primary red constituent, 
1 cannot imagine that any gaB*flatne or tire-hght would be visible 
through it, or any other luminous liody but the sun 

Still it remains a fact, however explained, that the red rays of the 
spectrum generally are to the colour-bUnd comparatively but feebl) 
luminous Mr Pole speaks of red iii more )daces than one as 
darkening power and in the letter 1 have reeened from him in 
re{)ly to my query as to the visibility ot light through the rid glass 
above mentioned, he insists strongly on its action as darkneee Tins, 
liowever, can only be understood ot the eflects of red powders in 
mixture, and not of red hykt , and as, to oui eyes, an intense him. 
powder, such as prussian blue, has, besides its colonhc effect, a vio¬ 
lent darkening one (owing to its feeble luminosity), so, to tlie colour¬ 
blind, red powders, when added to otliers, coutributo but little light 
in proportion to the bulk they occupy in the mixture, and therefore 
exercise a darkening power by displacing others more luminous than 
themselves 1 think it therefore very probable that red appears to 
the colonr-bhud as yellow-black does to the normal-eyed, or, in 
other words, that our higher reds are seen by tliem as we see that 
shade of brown which verges to yellow—that of the faded leaf of the 
tuhp-tree for instance Now it is worthy of remark, that it is very 
difficult for the normal-eyed to become satisfied that the browns are 
merely ehadee of orange and yellow Brownneae (such at least has 
always been my own impression) is almost as much a distinct sensation 
as greenness, so that I am not at all surprised at the expression in 
§ 22, that the ** sensation of red as a dark yellow is certainly very 
distinct from yull yellowj^ or that a colour-blmd person should, after 
long and careful investigation, arn%e at the conclusion tliat red is 
not to him a distinct colour 1 ffud all this completely applicable 
to my own perception of the colour brown 

Mr Pole (§11) appears to lay great stress on the fact, that in a 
closed colour circle m which red, yellow, oud blue are so arranged 
that each shall graduate mto both the others, there occurs in the 
space where red and blue graduate mto each other, a hue of red 
which u to him absolntdy insensible^’* and that this red oorrespoods 
not to that colour which, under the name of carmine, offers to the 
normal-eyed the heauAdeal of redness, Imt what they tenn ‘^crim- 
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son " Invisibility, as an element of colour, must not here be con¬ 
founded vnth invisibihty as light It is certain that he sees the 
crimson It is not to him black, but (just what it ought to be on 
the supposition that his vision is dichromic, and the union of his 
colours produces white) a neutral, obscure grey, grey bang only an 
abbreviated expression for feeble illumination by white light. In a 
circle coloured with three elements graduatmg into each other, there 
18 no neutral point—^noiie, that is, where whiteness or greyness can 
exist, but when oobured with only two elements, such as yellow 
and blue (positive yellow and blue, that is, whose union produces 
white, not green), there are of necessity two neutral points which 
would be both equally white, i e equally luminous, if the two ex¬ 
tremities of each of the coloured arcs graduated off by similar de¬ 
grees But this not being the case with the yellow arc, one of its 
ends to the colour-blind corresponding to a continuation of the red, 
and so being deficient in illuminating power, the pomt of neutrality 
Will be that where a feebler yellow is balanced by a feebler blue, and 
will therefore be less lumuious, t e less white or more grey than 
the other neutral spot It is evident, from the general tenor of 
Mr Pole’s expressions throughout this paper, that his ideas on 
the subject of colour arc gathered mainly fVom the study of pigments 
and absorptive (i e negaHve) colours, and not fiom that of prismatic 
(or poeiitve) ones lii other words, his language is that of the 
painter, as distinguished from the photologist, the distinction con¬ 
sisting in this—that in the former colour is considered in its con¬ 
trast with whiteness, in the other with blackness, and thus it is 
that black is considered by many painters as an element of colour, 
as whiteness necessarily is by photologista 
1 may perhaps be allowed to add a few words as to the statistics 
of this subject. Dr. Wilson gives it as the result of his inquiries, 
that one person in every eighteen is colour-blind in some marked 
degree, and that one in fifty-five confounds red with green. Were 
the average anything hke this, it seems inconceivable that the exist¬ 
ence of the phenomenon of colour-blrndness, or dichromy, should 
not be one of vulgar notoriety, or that it should stnke almost all 
uneducated persons, when told of it, as something approaching to 
absurdity Nor can 1 think that in mihtary operations (as, for in¬ 
stance, in the placmg of men as sentinels at outposts), the existence, 
VOL. X o 
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on an average, of one soldier in every fifty-five unable to distinguish 
a scarlet coat from green grass would not issue in grave inconve¬ 
nience, and ere this have forced itself into prominence hy pro¬ 
ducing mischief Among the circle of my own personal acquaint¬ 
ance I have only known two (though, of course, 1 have heard of 
and been placed in correspondence with several) , and a neighbour 
of mine, who takes great dehght in horticulture, and has a superb 
coUeetion of exotic fiowers, informs me that among the multitude of 
persons who have seen and admired it, he does not recollect having 
ever met with one who appeared incapable of apprctiatmg the vanety 
and nchness of the tints, or insensible to the bnlliancv of the nume¬ 
rous shades of red and scarlet It may be, however, that the per¬ 
centage 16 on the increase—certainly we hear of more cases than 
formerly, but this probably anses from the fact of this, hke many 
other subjects, being made more generally matter of conversation* 

In further reference to the question of the superposition of colours 
in the spectrum, or of the lutnusic compositeness of rays of defimte 
refrangibiliticB, 1 may mention a phenomenon which I have been 
led to notice m the prosecution of some expenments on the photo¬ 
graphic impressions of the spectrum on papers variously prepared, 
which appeared to me, when firet noticed^ quite incompatible with 
the simplicity of those rays at least which occupy the more luminous 
portion of the spectrum, extending between the lines marked D and £ 
by Fraunhofer, and clearly to demonstrate the presence of green 
light over nearly the whole of that interval. In these experiments 
the spectrum formed by two Fraunhofer flint pnsms, arranged so as 
to increase the dispersion, and adjusted to the position of least de¬ 
viation for the yellow rays, was concentrated by an achromatic lens, 
and received on the paper placed in its focus, which could be viewed 
firom behind. A senes of white papers impregnated with washes of 
vanous colourless or very slightly coloured chemical preparations, 
and dned, were exposed, and the spectrum being received on tiiem, 
and the centre of the extreme red image as viewed through a stand¬ 
ard glass, adjusted to a fidudal pmhole, a senutuung wash of nitrate 
of silver, or any other fitting preparation, was copiously applied to 
the exposed surface wlule under the action of the light. Now, under 
these dfcumstances, 1 uniformly found that whereas the speetrum 
viewed from behmd through the paper exhibited all over the space 
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tn question a daaxitng very pale straw-yellow, hardly dutingiushable 
fVoin white, yet as the photographic action proceeded, and the 
tmnslucency of the paper began to be somewhat diminished also by 
incipient drying, very nearly the whole of that space became occu¬ 
pied by a Ml and undeniable green colour, so as to give the idea of 
a distinctly four-coloured sjiectram—red, green, blue, and violet, 
the Yellow being in some instances almost undiscernible, and in 
otliers limited to a mere narrow transitional interval rather orange 
than yellow It was at the same time evident that a great extinction 
of light (illumination independent of colour) had also been operated, 
the vivid glare of the part of the spectrum in question being reduced 
to a degree of illummation considerably inferior to the red part, or, 
at all events, not much superior The change of colour was far 
greater than could be attributed to any effect of contrast, and was 
proved decisively not to be due to that cause by hiding the adjacent 
red and blue when the green remained unaffected ui apparent tmt 

When, for the photographic preparations wetted as desenbed, 
ordinary, dry, coloured papers were substituted, the change of colour 
in question was always produced whenever the thickness of the paper 
and Its absorptive power were not such as to destroy or very much 
enfeeble the more refrangible light Taking, as a term of compa¬ 
rison, a purely white, wove, wnting-paper, I found that the snbsti- 
tntion of wnting-paper, tinted with the ordinary cobalt blue com* 
monly met with, sufficed to give a very great extension of the green, 
almost to the extinction of the yellow, while, when the papers used 
were pale-yellow or clay-coloured, answering to the tints called 
"buff” or “maise” (nearly approximating to Chevreul’s orangi 
4 and 3), and which might naturally have been expected to transmit 
yellow rays more abundantly at all events than the blue, the spectra 
(viewed at the back of the papers) were particularly full and abun¬ 
dant m green, occupying the whole of the debateable ground In 
the case of the former, a narrow yellow space was seen, and the blue 
was very mudi enfoeUed, and separated from the green by a very 
perceptible suddenness of transition. With the latter the green was 
finely exhibited, and the yellow confined to a narrow orange-yellow 
border: the blue and violet much enfeebled. 

On fhrther considering these fkets, there seemed to be hat three 
ways of accounting for them 1st, by the effect of contrast. Tins 
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I consider to be disposed of bj the suppression of the adjacent 
colourSi as recorded above 2ndly, by extinction of a yellow element 
of colour over the space DE> allowing a substratum of green to sur* 
vive; orj which comes to the same, by the extinction of the red ele¬ 
ment over the same space, which, by its combination with (an as¬ 
sumed elementary) green, produced the original brilliant straw-yellow 
And 3rdly, by admitting as a principle, that our judgment of colours 
absolutely, tn se, and independent of contrast, is influenced by the 
tnteneity of the light by which they affect the eye, and that very 
vmd illumination enfeebles or even destroys the perception of 
colour. As the apparent change of colour from pale-yellow to green 
in the cases above related was always accompanied with a great 
diminution of general intensity, it occurred to me to produce such 
dunmution by optical means, which should operate equaUy on all the 
coloured rays, and dimmish all their intensities in the same ratio 
This was accomplished by viewing the spectrum (as projected on 
purely white paper) by reflexion on black glass, or by two successive 
reflexions in different planes, and I found the very same effect to 
take place That portion BE of the spectrum which m the unre¬ 
flected state appeared dazzhngly bright and nearly colourless, was 
seen by one such reflexion, and still more so by two, green. The 
extension of the green region was greater, and the hmitation of the 
yellow portion more complete, according to the amount of illuminap 
Hon destroyed by varying the angles of incidence on the glasses. 
When much enfeebled by two cross reflexions, the aspect of the 
spectrum was that represented m Chevreurs coloured picture of it 
from the Ime A to H. When enfeebled by other means, as by view¬ 
ing the spectrum thrown on a blackened surfiuse, the efibet was 
exactly the same. 

The last of oiir three alternatives, then, would appear to be ester 
blished as the true explanation, and in respect of the second, it is 
eliminated by the consideration that neither the ali|^t degiee of 
coloration in the bluish papers» or the tint of the pale-yeUm ones 
which effected the changei, would give nse to so great a prtfereni^ui 
extinction of yellow or red rays as an explanation founded on that 
altematiTe would require The phenomenon is certainly a veiy 
sinking one, and has created great surprise in those to whom 1 have 
riMwnit. 
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XTI On the Laws of Operation^ and the Systematization ot 
Mathematics” By Alexandkr J Ellis, Esq.^ BA., 
FC.FS. Communicated by Arcuibaiu Smith, Esq, 
M A Received May 26, 1859 

(Abstract) 

The object of the following investigation is to give a tinner basis 
to the calculus of operations, to assign the stnet limits and con¬ 
nexion of the mathematical sciences, and to found them upon purely 
inductive considerations, without any mctaphvBical or a yiriori 
reasoning 

Starting with the mdemonstrable but ventiablc hypothesis, that 
objects exist external to the subject, we rccogiii/e equahty as exist¬ 
ing between objects with common and peculiar properties, in respect 
of their common properties Operations, which, when performed on 
equal objects, produce equal objects as their result, are recognized as 
equal, m respect to the common properties considered m the equali¬ 
ties of the objects. When one operation is performed on an object, 
and another on the resultant object, the single operation by which the 
first object is transformable into the last is regarded as the product 
of the other two, the order of succession being important. When 
the resultant object is the same as the original operand, t)ie product 
of the operations is termed unity When two operations performed 
on the same object produce different resultant objects, the operation 
of transforming one of these resultant objects mto the other, is re* 
garded os the yuotienf of the twp former operations Two ojiera- 
tions ore termed reciprocal when their product is unity Hence the 
quotient of two operations is the product of the one and of the reci¬ 
procal of the other. When two objects are combined in any manner 
to as to produce a third, and the two first are formable from any 
fourth by two known operations, the single operation by whicli the 
third object can be also formed from the fourth, is termed the same 
fsombination of the two first operations From this wo gain the con¬ 
ception of mM or sero, as the operation of oumhilatuig any object in 
respect to auy place. The product of a eomBination of two opera¬ 
tions and a third operation, is the same combination of the products 
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of each of the combined operations severally and the third operation, 
in the particular order thus specified, jirovidcd all the operations and 
products are performablc on the same operand 
The above general conceptions and laws of combined operations 
hold for any operations whatsoever with their appropriate operand 
objects, but the nature of the operations and operands requires 
especial study In mathemattc9i objects arc only considered with 
respect to their three most general properties first, as contem- 
platable in discontinuous succession, whence number and Arithmetic . 
secondly, as contemplatable in continuous succession, whence ex¬ 
tension and Geometry . and thirdly, as contemplatable m a con¬ 
tinuous succession liearing a relation to another continuous successiou, 
whence motion in time and Mechanics The problem of mathe¬ 
matics IS, first, to disco\er the laws of these successions as respects 
results (that is, statically), by means of considerations drawn from 
contemplating operations (that is, dynamical) , secondly, to investi¬ 
gate the relations of these laws, giving nse to statical algebra, 
thirdly, to reduce all dynamical to statical laws, as m dynamical 
algebra, and fourthly, to make the expression of all the results de¬ 
pendent on the most simple, vu those of common arithmetic The 
purpose of the problem is to prejmro the mind for the further mvesti- 
gation of nature, and to increase practical power immediately. 

In Anthmetie we conceive objects spread out lu a scale, and by 
aggregating those contained between any one and the beginning of 
the scale, form statical groups, whose distinctive character is derived 
ftvm the scale The operatiou by which any group is formed from 
the first object is termed an the especial laws of which are 

next investigated All objects being mtercliangeable m respect to 
discontinuous succession, an aggregate is not changed by altering the 
dispoattion of its parts. This leads to the first two laws of ernmnu^ 
iatsmi and association tn addition The possibility of arranging 
objects at once in two honsontal directions, and a third vertical 
direetion, leads to the laws of commutation and assoctahon «n multi- 
pUeahon Combining these with the two former, wo have the taw 
qfcommnii^ve dtsinbuiion Tram the U^s of association in mnlti- 
pheatum is immediately deduced the law ofrspetition or mdices 
Having obtained these laws, we proceed to study their relations in 
the alffsbra ofint^ers, first, statically, m order to reduce all fesuUs 
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to the iorm of a uumencal integer, secondly, dynamically, con* 
sideniig the effect of a vanatiou in tlic integer employed This 
leads to the conception of a fotmahon (Lagrange’s '*aiialvtical 
function as a combination of a dxcd and independently variable 
integer Surli a combination is, therefore, also itself dcpendcntly 
variable The inversion of formations^ whereby the independent 
variable is expressed as a formation of the dependent variable, imme¬ 
diately engages our attention The inversion of a sum leads to a 
difference, with the limitation that the minuend should be greater 
than the subtrahend The inversion of a product leads to a quo¬ 
tient, with the limitation that the dividend should be a multiple of 
the divisor The inversions of a power lead to the root and loga¬ 
rithm, with increasing limitations The study of discontinuous ob¬ 
jects then allows the application of these inversions to the solution 
of problems in common life. 

The operation by winch any group in the arithmetical scale already 
described is formablt from any other group in the same scale, leads 
to the conception of a frat hon^ necessarily expressible, according to 
the general laws of operation, as the quotient of two integers The 
operands of such operations must admit of being separated into 
certam numbers of equal parts, or rather, tu order that they may 
admit of any fractional operation, into any number of equal parts 
Thus discontinuous approaches continuous succession. The laws of 
fraetuM are the same os the laws of integers, provided the indices 
used are all mtegers The object of the statical algebra of fractions 
u to reduce all combinations of numencal fractions to numerical 
fractions The mversion of formations is less limited than before 
There is the same limitation respecting differences, but none respect¬ 
ing quotients The attemjd to convert all fractions into radical 
factions (whose denominators are some powers of the radix of the 
system of numeration), leads to the conception of convergent infinite 
•mes, and hence allows an approximation to the inversion of a power 
with a constant index 

In Gemotry^ the notion of continuous succession or extension » 
derived from the motion of the hand, which recognizes separable but 
not separated parts. This motion gives the conception of iurfaees, 
which by their intersections two and two,* or three and three, give 
lines and points. Recognizing a line as the simplest form of exten- 
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Sion, we distinguish the siraiglit lines, whicli coincide when rotated 
about two common points, from the cuncs, which do not These 
straight lines are shown to be fit operands for the intoger and fraction 
operations By moving one coinciding line over another so as to 
continue to coincide (by sliding), or to have one point only in com¬ 
mon (by rotating), or no points in common (by translation), we 
obtain the conceptions of angles and parallels, which suffice to show 
that the exterior angle of a triangle is equal to the two mtenor and 
opposite, and that two straight lines meet or not according as tlie 
extenor angle they make with a third is not or is equal to, the 
mtenor angle Angles arc then considered statically as amounts of 
rotation not exceeding a semi-rcvolution Proceeding to examme 
the relations of triangles and parallelograms, we discover the opera- 
lion of taking a fraction of a straight hne, and therefore of a tnangle 
and of any rectilineal figure We see that this operation is, in fact, 
the same as that of altering a third line into a fourth, so that the 
multiples of the third and fourth, when arranged in order of magni* 
tude, should he in the same order as those of the first ond second 
when similarly arranged The relation of two magnitudes, with 
respect to this order, we term their ratio, and the ecpiahty of ratios 
proportion The inversion and alternation of the four terms of a 
proportion are now mvestigatcd The Ofieration of changing any 
magnitude into one which bears a given ratio to it, is called a ienwr 
The faw9 of tensors, being investigated, arc shown to be the same os 
those of fractions, Tliey, however, furnish the complete conception 
of infinite and infimtesimal tensors, by letting one or other of the mag¬ 
nitudes by which the ratio is given become infinite or infinitesimal. 
Thence is developed the law, that tensors differing infinitesimally are 
equal for oil assignables Consequently tensors may be represented 
by convergent series of fractions. The algebra of teneors allows of 
the inversion of a sum with the same limitation as in the case of 
fractions, the complete mvcrsion of a product of tensors, and the 
practical inversion of a power with a constant integral index. This 
algebra applied to geometry allows of the investigation of all statical 
relations, that u, of all the geometry of the a/Hcaents, in winch 
magnitudes alone were considered, without direction In respect to 
areas, the consideration of the paralldogrom swept out by one atrai|^t 
line translated so as to keep one point on another straight Imc^ leads 



to an indopendont algelra of areoHi in which the generating lines are 
considered immediately The laws of the relations of hnos thus 
discovered, are shown to be identical with the laws of the relations 
of tensors Gonsequenih, with certain limitations, the whole of the 
algebra of tensors may be interpreted ns results in the algebra of 
areas* This leads to a perfect conception of the principle of Aomo- 
nomyf or dissimilar operations having the same laws, and conse¬ 
quently the same algebra 

In dynamical or modern geometry^ all lines are considered as in 
construction, having initial and final }K>ints If the initial points oi 
any two straight lines are joined to a third, not on either, and the two 
jiarallelograms be completed, the lines drawn from the point parallel 
to the given lines are dynamically equal to them, if these last 
he on each other, the first two lines ha\e the mme direction , if the 
last have only one point in common and he in the same straight line, 
the first have oppomte direcUona , and if the last do not he in the 
same straight line, the first have different direetione, and the angle 
between the last is the angle between the first lines Similar defini¬ 
tions can be gi\cn of direction in the ease of angles and circular 
arcs* Jf from the final point of any Ime we draw a line equal to 
a second, and join the initial point of the first with the final point 
of the line thus drawn, we are said to append the second to tlie first, 
and the joining line is called the appenee of the other two. The 
iam of a 2 ^enmon are shown to be the same as those of addition, 
and are hence expressible by the same signs of combination, the 
difference in the objects combined preventing any ambiguity. We 
thus get the conception of a point as on annihilated line 
The tensor operation, considered dynamically, leads to the opera¬ 
tion of changing a Ime dynamically so that it should bear the same 
rdation to the result as two given lines bear to each other in magni¬ 
tude and direction This assumes three [inncipal forms according 
to the dtfibrenoe of direction. If there is no difiPerence of direction, 
the operation is purely a tensor If the directions differ by a semi¬ 
revolution, the rotation of one line into the position of the other may 
take place on any plane The operation is then termed a negative 
ecalar , the tensor, which inoludes the operation of turning through 
any number of revolaiions, is distinguished as a poeitive ecalar If 
the rotation be through any angle, but always on the same plane, 
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tlie o]ieratiou is here termed a eUnant If the rotation may take 
place on any variable plane, the operation is a quaternion 

The laws of eealare are immediately proved to be the same as 
those of tensors, but m addition they introduce the idea of negativity 
This enables ns in the algebra of eealare, to invert a sum generally, 
and thus allows of a perfect inversion of the first two formations 
But a power with a fixed integral exponent can only be inverted on 
certain conditions This partial inversion, however, leads to a solu¬ 
tion of quadratic equations, and to a proof that formations consisting 
of a sum of integral powers, cannot be reduced to null by more 
scalar values of the vanable than arc marked by its highest exponent 
Hence if such a formation is always equal to null, all the coefficients 
of the vanable must be null We thus obtain the method of inde¬ 
terminate coefficieuts, by which we arc enabled to discover a senes 
which obeys the laws of repetition with respect to its vanable, and 
becomes equal to a power when its vanable is an integer This 
enables us to define a power with any index, as this senes, and hence 
to attempt the inversion of powers with vanable indices, which we 
succeed in accomplishing under certain conditions This investigation 
introduces the loganthm of a tensor, powers with fractional and 
negative exponents, and the binomial theorem for these powers. It 
also induces us to consider the lawa of/ormatora, or the operations 
by which a formation of any vanable is constructed They are 
shown to be commutative and associative in addition, associative in 
multiplication, directly distnbutive and repetitive, but not generally 
commutative in innltiphcation, nor even inversely distnbutive. When 
fonnators are commutative in multiplication and distribution, they 
are entirely bomonomous with scalars, which may even be considered 
as a species of formators. The results of the former investigation, 
therefore, show that logarithms, fractional and negative powers, and 
the binomial theorem hold for these commutative formators 
The necessity of tabulating loganthms and of approxunatmg to 
the solutiouB of equations, leads to the consideration of a method of 
denving consecutive values of formations for known differences of 
the vanable, and of interpolatmg values of the same formation for 
intermediate vidues of the vanable, that is, the algebra qf d^erencM 
Conndenng the two operations of altenng a formation by increasing 
the variable, and taking the difference between two different values 
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of the Airmation (of which operations the turst ts necessarily unity 
added to the second)^ we regard them as formators, and immediately 
apply the results of tliat algebra^ which furnishes all the necessary 
iormulse For approximating to the roots of equations^ we require 
to consider the case where the variable changes udiniteBima11y» thus 
founding the algebra of dtfferenitah^ which is, in fact, a mere sim- 
phfication of that of differences, owing to all the results being ulti¬ 
mately calculated for asaignablcs only Finally, to find the alteration 
in a formation of commutative formators, when the variable fonnator 
18 increased by any other fonnator, we found tht algebra of den- 
vahvee 

In applying the results of eealar algebra to geometry^ we start with 
the fundamental propositious that the apptnse of the sides of an en¬ 
closed figure taken in order is a point, and that when the magnitude 
and direction of the diagonal of a parallelogram or porallelopipedoti, 
and lines parallel the sides which have the same initial point as the 
diagonal, are given, the whole figures are completely determined lu 
order to introduce scalars, a unit-sphere is imagined, with its radii 
parallel to the lines in any figure, and in known directions Any line 
can then be represented as the result of performing a scalar cperatiou 
on the corresponding radius 

The first object is to reduce the ronsideration of angles to that of 
straight lines, by the introduction of cosmes and smes, which are 
strictly defined os the scalars represented by the relation of the 
abscissa to the abscissa! radius, and the ordinate to the ordinate 
radius respectively These definitions immediately lead to the rela¬ 
tions between the cosines aud sines of the sums of two angles, and 
those of the angles themselves, whatever be thoir magnitude or direc¬ 
tion, and tlfeus found gonwmeiry 

Defining e^projeettan of any figure on any plane to be that formed 
by joining the points on that plane corresponding according to any 
law with those of the figure, we liave the fundamental relation that, 
if the first, and therefore the second figures enclosed, the appense of 
the Bides of the second m the order indicated by the sides of the first, 
is a point The orthogonal projection of any figure, by means of 
planes drawn perpendicular to any line, being all m one hue, each 
projection can be represented as the result of a scalar operation per 
formed on the same unit radius, and hence this projection leads to one 



mvanable relation between scalars By choosing three lines at right 
angles to each other on which to project, we obtain three scalar re^ 
lations from every solid figure If the figure is plane, then by pro¬ 
jecting on a line and on a perpendicular to that line, we get two 
scalar relations 

Applying these results to tranweraaU^ where a hnc parallel to one 
unit radius cuts several other amt radii, produced cither way if neces¬ 
sary, we obtain, by oonsidenug two intersected radu, the results of 
trigonometryy and by considering three or four mtersected radii, 
those of anharmonic ration 

As any line drawn from the centre of the umt-sphere may he con¬ 
sidered as the appeiise of three lines drawn along or parallel to three 
given unit radu, it may be expressed as the sum of the results of 
three scalar operations jicrformed on these radu respectively By 
properly varying these three scalars, the final point of the line may 
be made to coincide with any point in space But if there be a given 
relation between the scalars, then the number of pomts will be 
limited, and the whole number of the points constitutes the locus of 
the onginal concrete equation referred to the accessory abstract equa¬ 
tion The consideration of this entirely new view of coordinate geo* 
metry is reserved for a second memoir 

Proceeding next to the lawa of chnanfSy wc readily demonstrate 
that tliey are the same as tlie laws of scalars, they introduce a new 
conception, however, tliat of rotating througli an angle not necessarily 
the same as a semi-revolution, that is, of a plane versor By the con¬ 
crete equation of coordinate geometry, it is immediately shown that 
all clmants can be expressed os the sum of a scalar, and of the pro¬ 
duct of a scidar by a fixed, but arbitrarily chosen versor. The 
simplest versor to select is the quadrantal versor, which, under tlic 
name of quadrantation, is now studied The two addends of a chnant, 
considered as a sum, are called its scalar and vector, its two factors, 
considered as a product, arc its tensor and versor. The laws of these 
^mrts are then studied. 

The statical algebra of clinanta has for its object the reduction of 
alt combmaiions of clmants given in the standard form of the sum of 
a scalar and vector, to a chnant of die same form. The application 
of tins to the scries obtained for a general scalar power, leads to two 
scries, called losmc^ and bines of the variables, as distinguished from 



the goniomctrical coHincs anti fiines of an angle, with whieh they arc 
ultimaU'ly shown to have a close eonuexion, which can be rendered 
most evident by aBBumiiig as the unit-angle that subtended by a cir¬ 
cular arc of the length of its radius Studying these sent^a quite in- 
depcndeutly of these relations to angles, we discover that they bear to 
each other the same relations as the gomonietncol cosines and sines, 
and that if the least tensor value of the variable for which the cosine 
senes becomes null, is known, all its other values can bo found by 
multiplying this by four times any scalar integer This last product 
must be added to the least tensor value of the vanablc for which 
both the cosine or the sine senes become equal to given Bdjars, in 
order to hud all the solutions of such equations Supposing the 
values of such series tabulated by the metliod of diifercnces for all 
scalar values of the vanable, so that such least tensor values con 
always be found, we are now able to assign tlic meaning of any 
power whose base and index are both elinants, and the logarithm of 
any chnant This enables us to invert completely all the simple for^ 
matioiiB, sum, product, power with variable base and eonstant index, 
or constant base and vanablc index, and hence to solve all equations 
of four dimensions with chnant coefiicients, and to show that every 
formation consisting of a sum of integral powers with chnant coeffi¬ 
cients, can be expressed as a product oi as many Bim]>le formations as 
IS determined by the highest index ot the vanable The cosine and 
sine senes can also be generally inverted I’he virsor of any chnant 
liaving a known angle (which is always equal to the cosine of its 
angle added to the product of the sine of its angle into a quadrantal 
versor), can now be shown to equal the cosine senes added to the sine 
senes multiplied by a quadrantal versor, when the vanable of the 
senes IS the scalar ratio of the angle of the chnant to the angle sub¬ 
tended by a circular arc equal to its radios From this the ratio ot 
the circumference to the diameter of a circle is shown to be twice the 
least tensor value of the vanable, for which the cosine senes is equal 
to null, and ns that value can be readily assigned in a convergent 
senes, the former ratio is determined. The same investigation shows 
the relation already mentioned between the goniometncal cosines 
and sines, and the cosme and sine senes 

dmmt nlffehraicaf yeometri^ allows us to inlirpiet all results 
chnant algebra when referred to lines on oik plain It thus fur- 
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msheB a complete explanation of the ** imaginary '* points and lutes 
ui the theory of anAarmontc ratios, when viewed in relation to the 
unit radii, as already explained In the case of coordinate geo- 
metry of two, and even three dimensions, the possiEnJity of interpret- 
uig the results of a chnant operation performed on a given unit radius 
in a given plane, allows us to understand the whole theory of ** ima¬ 
ginary '* intersections. The theory of scalar and rlmant algebraical 
coordinate geometry will form the subject of a future memoir 

Proceeding to quaternions, we find their laws to be the same as 
those of clinauts while the plane remains unaltered, but if the plane 
IS alteiydile, they cease to be commutative in multiplication, that re¬ 
lation being replaced by one between certain related quaternions 
called their conjugates. This makes the algebra of quaternions 
(which IS not here systematized, as being too recent) entirely different 
from that of scalars 

In mechanics the motion of any point is not considered absolutely 
as in dynamical geometry, but relatively to somt external, constant, 
independent motion, as the apparent motion of the fixed stars , this 
gives the conception of time But the necessity of considering the 
motion nut merely of a pomt, but of a body, gives nse to the com¬ 
parison of the motions of various bodies, and to a conception of their 
equality, when the products of their velocities, multiplied by a con¬ 
stant which is always the same for the same body, but different for 
different bodies, are equal This constant is the mass, which in 
bodies of the same kind varies as the volume 

By considering the case of the mutual destruction of motion, we 
ebminate time and simplify the problem, thus founding 
and by conceiving the" motion of any body to be destroyed by the 
application of variable motions equal and opposite to those actually 
existent, we reduce dynamics to statics 
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Jvne % 1859 


Sir BENJAMIN C BRODIE, Bart, President, in the Chair 

The Annual General Meeting for the Election of Fellows was held 
this day 

The Statutes respecting the election of Fellows having been rend, 
John Bishop, Esq and Edward Braylcy, Esq were, with the con¬ 
sent of the Society, appointed Scrutators to assist the Secretaries in 
examining the lists 

The votes of the Fellows present having been collected, the follow¬ 
ing gentlemen were declared duly elected — 


Samuel Husbands Beckles, Esq 
Frederick Grace Calvert, Es(| 
Henry J Carter, Esq 
Douglas Galton, Esq 
William Bird Hernpath, M 1) 
George Murray Humphry, Esq 
Thomas Sterry Hunt, Esq 
John Dems Macdonald, Esq 

The Meeting then adjourned 


William Odling, Esq 

liobert Patterson, Esq 

John Penn, Esq 

Sir liobert Scboinburgk 

Thomas Watson, M D 

Bennet Woodcrofl, Esq 

Lieut -Col William Yolland,R £ 


Communications rbceiveo since the end of the Session 

1 . *'Oa the fieqiient occurience of Vegetable Parasites m the 
Hard Structures of AmmaU/^ By Profcssoi A Kollikbr, 
of Wurzburg. Communicated by Dr. Shariby, Sec R $. 
Received May 30,1869 

As far as I am aware, Quekett has been the ftrst to point out that 
vegetable parasites, viz Conforvm^ occur frequently in the skeleton 
ofCorols (Lectures on Histology, vol ii p 153 fig 78 and p 276), 
but although be mentions in the same place that the tahuh described 
by Carpenter m the shells of Bivahes have also a great resemblance 
with Coq/brtve, he did not venture any further step, and he adheres 
to the view of Carpenter, who regards them as a typical structure 
Some years later. Rose (**On Parasitic Borings in Fossil Fish- 
Scales,” Transactions of the Microscopical Society of London, vol x 
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p 7, 1855) discovered a peculiar tubular structure in fossil fish- 
scaleSf which he regarded as being occasioned by parasites, and 
possibly by Infusoria, but he was not able to give any good proof 
of this hypothesis The same must be said of E Claparide (Mull 
Archiv, 1857, p 119), who found simdar canals in the test of 
Nmttna fiuvtatihs, and showed that they do not really belong to 
the shell, without being happier in determining the nature of the 
parasite, only suggesting that it might possibly be a sponge 

Such was the state of things, when Prof Wedi oi Vienna and 1, 
independently of each other, took up the question The observations 
of Wedl, which concern only the parasites of the shells of Bivalves 
and Gasteropods, were communicated to the Vienna Academy on the 
I4th of October, 1858, and are therefore previous to my own, which 
were presented to our Wurzburg Society on the 14th of May, 1859 , 
but 1 received Wedfs memoir only on tlie IGtli of May, and may 
therefore say that my observations, which arc also extended over many 
more groups of animals, were quite mdependent of those of the 
Austrian microscopint This being the case, it may be regarded as a 
good proof of the correctness of our observations and the truth of 
our concluaions, that we agree m the principal facts, there bemg 
only this discrepancy between us, that Wedl calls the parasites Con- 
ferva^ whilst I regard them os Unicellular Funtjx The botanists 
will decide this question better than we, only I beg leave to say, tliat 
all tbe numerous parasites observed bv myself were unicellular^ and 
that the ^orangia were quite of the same kind os those of uni¬ 
cellular fungi 1 may further add, that the frequeut anastomoses 
of tbe parasitic tubes remind one of the anastomoses observed in the 
mycelium of some unicellular fungi, whereas such connexions have 
not yet, so far as 1 know, been observed amongst the Voi\ferv€C 

1 now give a short enumeration of the ammals in whose skeleton 
I observed these vegetable parasites. 

1 SpongtcB 

Two undetermined species of sponges, which 1 got through the 
kindness of Mr. Bowerbank, show a great many parasitical tubes in 
the horny fibres of their skeleton These arc most elegant and 
numerous in one spenos from Australia, in which the lubes form a 
BU|H!rficial network in the oufennost parts of the horny sponge-fibres 
and more straight canals in their interior, and possess a great many 



round winch in some cases even showed young outgrowths 

in form of short ramifying tubes 

2 Forammifera 

In an extensive collection of sections of Foramunfern which I owe 
to the kindness of my friend Prof (JnrpLMiter, there were many 
genera which showed mimcrouB filnnients of fungi in their test itself, 
via PofystameNa, Orhtfohna, Ifef^^rostegtna, AmpAtstegina, Cai- 
rartna, Alveohm^ and Operc^hna The lost genus shows best that 
these parasitic tubes, which sometimes are very large, arc c|mte 
different from the two kinds of tubes rightly described by Carjienter 
as belonging to the lest itself They generally run at right angles 
to the finer tubuli, and are easily distinguished from both kinds of 
tjrpical tubuli by their irregular course, and by their frequt nt branch* 
ing, and cicn anastomosing They are absent in many specimens 
of the above-named genera, and could not be found in Cyc/oc/ypeua, 
Nummulina^ and Nontomna 

S Corah 

All the genera of Corals which I investigated conlamed parasitical 
fungi, VIZ. Asiraa Pontes ctnmna^ Tubipora mvsira^ 

Coralhum nibrum^ Omhna dfffusa^ Ocuhna^ sp, 4Uoponna miralths, 
Madrejmra comuta^ Lohaita proUferOy MtJlepora ttlcicormSy FungiUy 
sp Tlie fungi were most frecpient m tlu genera Tahiporoy Astrtea, 
Ponies, and Ocuhna, the last three of which contained also many spo- 
ran^ta, which in the red coral were very scarce and often wanting 

4 Btmhes 

I agree with Wedl that the tubuli described by Carpenter in the 
shells of Bivalves arc all parasites Many of tlicm agree m every 
respect with those found in other hard structures of the Inver- 
tebrata, of whose parasitical nature there can be no doubt, and even 
possess sporangia, as those of Thracta, Lima, Cletdoiheerus, Anomia, 
Ostrea, Meleagnna With respect to those pf the genera Ltiho* 
domus. Area, Peetmeuius, Nueula, Cardtutn, it is true that their 
straight course and more regular distribution speak iii favour of their 
typical occurrence; but os in some cases true jiarasites also are veiy 
regularly dutnbuted through the shells, there can bo no doubt that 
even these do not really belong to the structure of the shells 
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5 Brachtopoda 

The test of some Terf^hrutultB shows, besides the large well-known 
canals, minute tubuh running straight through the fibres A vertical 
section of Terehratula auatraha^ which T got from Prof Carpenter, 
showed that the nuntitc canah referred to belong to a vegetable 
parasite of the same kind as those of the Bualves 

f>. Gaaferopoda 

Nearly all examined Gastcropods, viz Ceritkium ivbereulatumt 
Aporrhattt pea-Peleram^ Turbo rvgomis, Murex brandarxa^ Murex 
iruncnlwt, Jlahotta^ P'ermett^t Trochuat Liltorina littorea^ Terebra 
myurxtBf Triionum cretaceum^ contained vegetable parasites in their 
shells, and in some these were as numerous as in the Bivalves, and 
showed also aporangta Besides these fungi, the shell of Trochua 
also contained in its most superficial layers unicellular pyriform algse 
with green contents 

7 Annelida 

Even in this group the unicellular parasites were found, viz in 
the calcareous tubes of two Serpu!^ from the Scotch coast 

8. Ctrrhxpeda 

The same parasites also occurred very numerously in the shells of a 
large Balanua On the other hand, the genera Btadema and Lepaa 
were free from them , and with regard to the straight tubes of Po/ft- 
etpea described by Quekett, which also occur in Tuhmnella^ 1 am 
mchned to reckon tliem amongst the typical structures. 

9 Fiahea 

The scales of Beryx orna/M, from the clay, contain very numerous 
and pretty parasitic structures, which almost totally agree with those 
figured by Rose in hts fig 5 They undoubtedly also belong to the 
simplest form of fungi, but are of greater interest, inasmuch as they 
are fossil and seem to constitute a new genus 1 was not able to find 
parasites in any other fish-scaleB, notwithstanding that I examined 
scales of all Imng and many fossil species of Ganoids and many 
Teleoatm 

These are the facts which I have been able to gather, up to this 
tune 1 have no doubt that all will ageee with me m regarding this 
question as one of great interest for the zoologist as well as for the 
botanist The former will now be obliged to study these parasitical 
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structures as thoroughly as possible^ iii order to decide which tubular 
structures of the hard tiBSUOS of aounals are typical and which are 
not, and for the botanist a new field of investigation is opened, which 
not only draws attention by the somewhat strange forms offered for 
investigation, but is also of great luten st in a pliysiological point of 
view. It soems to me probable that the parasites dissolve the car¬ 
bonate of lime of the hard stnictures into which they penetrate, b) 
means of exudation of carlmnic acid, which secretion would seem to 
take place onl> at the growing ends of the fungial tubes, as they 
never he in larger cavities, hut are always closely surrounded by the 
calcareous mass In some cases, as in the horny hhres of sponges. 
It seems probable that the parasites simply bore their canals by 
mechutiical force, as is the case when vegetable parasites make their 
way through the cell-membranes of Confrrvts or other plants 
Besides this, it deserves also to he remembered tliat nearly all the 
parasites here spoken of occur iii niarmc animals 

In concluding this notice, I may further meiition that these 
parasites afford an excellent means for demonstrating the double^ 
refracting power of the shells of the several genera mentioned in 
this commuiucation 1 was first stnick with this fact in examining 
a horizontal section of Lima scabra obtained from Dr Carpenter, 
and finding that many tubuli appeared double In following this 
matter, it was easy to show that all the tubuli running m a certain 
direction, and m an oblH|ue way through the section, appeared 
simple at the upper surface of it, and became double in the inferior 
layers, so that the distance of the two images increased with the 
shortening of the focus Wlien the preparation was inverted, the 
reverse was the case. The same phenomena as in Lima were also 
observed in Anomta, Osifrea, Murex truncatue^ Turbo rugoaus^ 
Tntomum eretaeeum^ and Balanm^ the shells oi which animals have 
therefore all such a structure, that they refract the light in the same 
way as the well-known double-refracting crystals* 

• According to Brewster (Blbh Unlv de Oendve, 1836 n 182), who seems the 
only person who has hitherto observed the double-refracting power of a shell, 
viz of the mother-of-pearl, that shell {Melacgrma) sliows the same phenomena 
as the double-axed double-refracting Amgonite, on which question I am not as 
yet able to give an opinion 
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II “ UcBcarchcs on the Phosphorus-HiiBcs —No VI Phos- 
phainmonmni-Conipounds By A W Hofmann, LLD, 
FES &c Kteuved June 1, 1859 

In several previous communications * 1 have shown that dibromidc 
of ethylene is capable of fixing either one or two molecules of tn 
ethylphosphiiu, a monatomic and a diatomic bromide being formed, 
which I have respcilively represented by the formnhe— 


VfonAtomic bromide 

C.. IT., PBr,= (C, H,)'' Br,+ (C, H,). P= 
and 


C.II, . 

c.n, r I 


Br 


Diatomic bromide 

C , H., l\ Br = (C, H,)" Br,+ 2 ((C, U ),P) = 


(c.non ■ 

(C.njjp 

Uc.H,rl J 


a 

Br. 


There arc other products formed, resulting from secondary reactions. 

it was not quite easy to obtain a sufficiently satisfactory experi¬ 
mental foundation for the diatomic nature of the sicond compound 
This substance presents an extraordinary degree of stability, m its 
general characters it is closely allied to the niimcrons monatomic 
bromides, both of the nitrogen- and of the phos]thoruB-series, which 
m the course of these researches have come under my consideration 
Lastly, the oxygenated denvativc of the bromide resembles so per¬ 
fectly the monammonium- and the monophosphomum-basis, that 
more than once during my experiments 1 was inchned to doubt the 
correctness my uitcrpretatioii. 

There is no direct proof of the diatomic character of the com¬ 
pound Why should we reject the simple formula deducible from 
expenment ? The hydrocarbons C„ !!□ are very prone to molecular 
transformations without change of composition The idea suggested 
Itself, that the diatomic sahne molecule might be split into two 
monatomic saline molecules, 

[(C*H.), (C.H.rPj"Br.=2([(C.n.),(C,H,VP] Br). 


• Proceedings, vol ix pp 285 and C31 
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It IS true Cj figures in this formula as monatomic, whilst we 
should expect it endowed with diatomic substitution-power But 
the connexion between composition and substitution-power is by no 
means finally settled, m fact, we know of many eases m which, 
under conditions not sufficiently established, the atomicity of a mole¬ 
cule ehanges witness the radical allyl,*' which is capable of re¬ 
placing one or three equivalents of hydrogen 

But without going this length, the scission of diatomic ethylene 
into two monatomic molecules may take place in many other ways 
The transformation of dibromide of cthylem* into hydrobromic acid 
and bromide of vinyl, 

(C.II,y'Br,=:IIBr-h(C,H,) Br, 

IS a familiar example The splitting of the ctbi lene-compoiind into 
bromide of formyl and bromide of methyl, 

(C, HJ" Br,= (C, H> Br+ (C, H,) Br, 
lias never been observed, but did not appear altogether unlikely 
Our analytical methods arc uisufficient to distinguish between 

[(C, U,), (C, HJ PI Br and ((C, H,), (C, II) 1‘] Br. 
and what I have represented as a diatomic ethylene-compound 
might have been, afler all, a monatomic bromide—the brcnmde of 
formyl-tTicthylphosphomum, the complementary metbyl-compound 

[(C.H,),(C,H.)P]Br 

existing possibly among the secondary products of decomposition. 

In the presence of these and several similar self-raised objections, 
bv which every observer endeavours to test the truth of his con- 
clusionB, I was induced again to appeal to experiment 
The prosecution of this line of the inquiry has led me to the disco¬ 
very of a new class of diatomic bodies, which, while it confihns incon¬ 
testably the correctness of my interpretation, appears to claim the 
attention of chemists for several other reasons 

1 have established, in the first place, that the monatomic bromide 
[(C,H.),(C«H«Br)P]Br 
may be readily converted into the diatomic bromide 
[(C,H.).<C.HO«Pj"Br. 

by the simple addition of tnethylphosphine Nothing is easier than 
to prove the transformation, the platinum-salt of the two bases pre- 
VOJL. X. 1 
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seuting u retvmrkable ilifference of solubility, and other ditTerenceR 
not leas stnking 

To remove every doubt, the bromide, obtained by treatment of tlie 
brominetted bromide with tnethylphosphine, was converted into the 
corresponding iodide, which in its properties and composition was 
found to be identical m every res|>ect with the characteristic iodide, 
which 1 have fully described in my last note upon this subject 
The transformation of the monatomic mto what 1 have represented 
as the diatomic compound being satisfactorily established, the con- 
dumve experimental demonstration of the diatomic nature of the 
latter presented itself without difficulty in the conception of bromides 
contauung at once phosphorus and nitrogen, the molecular expression 
of which would no longer admit of division 
This class of dibromidcs actually exists, they are readily produced 
by submitting the bromide of the brominetted body to the action of 
ammonia or mouammes instead of tnethylphosphine 
1 have formed as yet only three representatives of this new class of 
bodies, whicli 1 propose to designate as phosphammouium^m- 
ponnds, their examination is sufficient to fix the character of the 
class, it would have been easy to construct scores of similar bodies* 


Action of Ammonia upon the bromide of the brominetted body 


The two substances, especmlly when iii alcoholic solution, unite 
with evolution of heat— 


[(C.H.).(C«H.Br)P] Br+H,N 



Both the bromide and the corresponding chloride are very soluble, 
and little adapted for analysis, I have therefore fixed the nature of 
this body by the preparation and analysis of the jilatinum-compound. 
For this purpose the bromide generated m the above reaction was 
treated with oxide of silver, it is thus converted mto a powerfully 
alkaline sdution obviously of the dio^e, 







108 


which, Biiturated witli hyUrochlonc acid and mixed with dichlondc of 
platinum, furnished a liglit-ycllow crystalline platinum-salt, recry- 
stallizable fVom boiling-water, and containing 

[(C, U.), H. (C, H,)« PN]" Cl^ 2PtCI. 

AcHon of Ethylamne and Trxmtthylamxne upon the Iromide of tke 
brommetted body 

The phenomena observed with cthylamine and tnmethylamine 
arc perfectly analogous These substances furmsh, with the bromi- 
netted bromide, new and very soluble dibroraides, contaimog re¬ 
spects ely 



which, by treatment with oxide of siher, are converted into the cor¬ 
responding powerfully alkaline oxides 



and yield, by saturation with hydrochloric acid and precipitation with 
dichlonde of platuium, two splendid platinum-solts crystallising in 
long golden-yellow needles, and containing respectively 

[(C* H.), (C, HJ" H, PN]" Cl„ 2Pt Cl,, and 
[tc, H.), (C, II.). (C. H.)" PN]" Cl.. 2Pt Cl, 

By the formation of the phosphammonium-comiiounds, the nature 
both of the diammomum- and of the dtphosphonmm-senes appears 
to me finally established 

It will be interesting to aaoertain whether the brominetted bromide, 
when submitted to the action of monarstnes and mouostibines, will 
give nse to the formation of phospharsonium- and phospho-stibo- 
mam-bases« The solution of this question will not be difficult 


I 2 
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III Notes of Researches on the Poly-Ammonias ”—No VI 
New Derivatives of Phenylamine and Ethylamme By 
A. W Hofmann Received June 9th, 1859 

Some time ago* 1 communicated to the Royal Society some re¬ 
sults obtained in studying the action of dibroinide of ethylene U]ion 
phenylamine The principal product of this reaction was found to 
be a well-defined ciystalhne compound with basic characters By 
the analysis of the base itself, and of several of its combinations, it 
* had been proved that the formula 

IS the simplest atomic expression for the new substance, but the 
action of iodide of methyl and of ethyl upon this body having given 
nse to compounds 

and 

I was induced to assume the formula 

C H N —* 1 N 

as representing the true constitution of the basic body, which thus 
appears as a diammonia, m which 2 eqiiivs of hydrogen arc replaced 
by 2 equiTS. of phenyl, and 4 equivs. of hydrogen by 2 molecules of 
diatomic ethylene 

This view involves the existence of a basic compound, 

J 

t.e. of a diphenyl-diamme m which only one molecule of diatomic 
ethylene has been substituted for hydrogen 
Experiment has not failed to realize the body pmntcd out by 
theory. A mixture of dibroimde of ethylene with a large exoess of 
phenylamme (1 voL of dibromide of ethylene and 4 vols of phenyl- 
amme) rapidly solidifies to a crystalline mass Treatment with 

* ProoeediDgi of the Roytl Society, vol it p 277. 
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water removes from this mixture a very considerable proportion of 
bydrochlorate of phenylamme, leaving a brown resmous substonce, 
which gradually but imperfectly solidifies This substance forms a 
hydrochlorate which is difficultly soluble in concentrated hydro¬ 
chloric acid, and which may be readily purified by repeated crystal¬ 
lizations from boiling alcohol The pure hydrochlorate dissolved 
111 water, and mixed with potassa or ammonia, furnishes the free base, 
which generally se])arates as an oil, rapidly solidifying into a cry¬ 
stalline substance This may be further punfied by repeated crystal¬ 
lizations from diluted alcohol * 

Analysis, in fact, assigns to this body the formula 

H, J 

which was confirmed by the analysis of the dichlondc— 



and of the platinum-salt— 

r(C,H,r ] y 
(C,.HJ.|N,Jci^2PtCh 

The formation of the new body is obvious 

n] +(CJIJ'Br.4c;jli|N,+2([®«{^}N ]Br)^ 

II, J ® 

PhenyUmine Dibronide of Ethylene- Bromide of 

Ethylene dtphcnyl- Phenyl ammonium 

diamino 

This substance differs in its physical characters essentially from 
the base contaimng 2 molecules of ethylrae The former is very 
soluble in alcohol and ether, the latter being very difficultly soluble, 
its fusing-pomt is 59^ the fosmg-point of the latter being 157^ 

In order finally to establish the relation between the body which 
forms the subject of this note and the base previously described, it 
remamed to prove expenmentally that the former, when subimtted 
to the action of dibromide of ethylene, may be readily converted mto 
the latter. Nothing is easier than to accomplish this transforma¬ 
tion, which, in the presence of alcohol, is rapidly effected at the 
temperature of boiling water 
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Treatment of the product of digestion with water removes tlu 
dichloride of ethylene-diphcnjl-dmmmonium, the diethyleue-diphe- 
nylamine remaining dissolved m the excess of dibromide of cthylouc, 
from which it may be readily extracted by hydrocblonc acid 

Preparation of the substance in a state of punty, and comparison 
of its properties with those of the body prcviouHly obtained* esta¬ 
blished beyond a doubt the transformation, which rosolres itself into 
a simple process of substitution — 





+ (C,H,rBr, 



N.-f 




(t-’uH,) ' 

■N, 

H, 





Ethylene-diphenyl-diamuit being a secondary diamine, it was not 
without interest to replace the two remaining hydrogen-equivalents 
hy two monatomic molecules On digesting the base with iodide of 
ethyl some hours at a temperature of 100^, a beautiful iodide was 
obtained, crystallizing lu well-defined prisms, difficultly soluble m 
water, but more soluble in alcohol 
This substance contains 



1 

(C4U,), 1 

.N, 


1 


Treatment with potassa separates from this iodide the Imse ns a 
crystalhue body fusing at 70”, and resembling in many respects tlie 
previous base It contains 


N^« 


(c,H.r 



and fonns a beautiful platmum-salt crystallizing in needles of the 
formula 


[C«H„NJ"Cl„2PtCl, 


The deportment of phenylamine under the influence of dibromide 
of ethylene gives a fair illustration of the nature of the substances 
which arc generated* under the influence of diatomic molecules* from 
primary aromatic monamines 

To complete the study of this subject* I have examined* moreover* 
the action of dibromide of ethylene upon cthylaminc* as a repre¬ 
sentative of the monamines containing an ordinary alcohol-rndicfd 
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Dibromide of ethylcue acts upon ethylamine even in the cold, the 
products of the reaction varying according to the relative proportions 
of the two bodies, and according to the temperature Among other 
products invariably occur the two bromides corresponding to the 
two salts of the pheuyheompounds mentioned in the previous para¬ 
graphs 

These substances are the 


Dibromide of 

lc.,II„N Br = 


« 1 

ethylene-dietbyl 



diamrooniumi 


H, j 

J 

Dibromide of 



1 ,1 

dietbyleno-dicthyl- 



diammoDiuiu, 

L H, . 

1 J 


and 


1 have fixed the composition of the former compound by the ana¬ 
lysis of the dibromide of the dichloride aud of the base itself, all of 
which are remarkably well-defined crystalline bodies, and that of 
the latter by the examination of a well-defined platinum-salt 
The first base, separated by the action of anhydrous baryta from 
the dry bromide, distils as an oily liquid of a powerfully ammoniacal 
odour, which solidifies into a brittle crystalline mass not unlike 
fused steanc ucid The composition of the body is remarkable 
It contains 





and thus constitutes the dioxidt of the diatomic metal, ethylene- 
diethyl-diammonium 

The second base is liquid, and boils at 185° It is easily obtained 
from the dibromide, which, being extremely soluble, may be readily 
separated from the bromide of the first body 1 have experimentally 
established that this body may be readily procured by the action of 
dibromide of ethylene upon the dioxide previously mentioned 
The dioxide, 

Cja Og, 

presents considerable interest in a theoretical point of view I have 
determined the vapour-density of this compound by Gay-Lussac's 
process Experiment gave the number 2 2G Assuming that the 
molecule of the body under examination corresponds to 4 volumes 
of vapour, the theoretical density is 4 62 
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The extraordinary ducrepaticy between theory and expenirent 
may be removed in two ways • viz either by halving the formula, 
or by assuming that the molecule of the dioxide of ethylene-diethyl- 
diammomum corresponds to 8 volumes of vapour, in cither of which 
eases the theoretical density becomes 2 31, closely agreeing with the 
experimental number 2 26. 

I shall discuss the vapour-densities of the diammonias somewhat 
more fully m a future communication, but 1 cannot refrain from 
pointing out even now, that, by dividing tlie formula hy 2, wt arnvi 
at an expression containing 1 equtv of oxygen (0:=8), which, in the 
eves of those who consider the number 16 as the true molecular 
value of oxygen, must appear perfectly inadmissible 

IV ** On the Behaviour of the Aldehydes with Acids ** By 
A GisUTUER, Esq, and R Cartmicll, Esq. Communi¬ 
cated by Dr. Fbanklanh. Received June 8th, 1859 
[Abstract ] 

The authors of this paper, with a view of obtaining a senes of 
oombuiations homologous with those already obtained from glycol by 

Wurz—nz diacetate of glycol, C' IL, O3 • O., and the isomcnc body 

C,U,oJ 

of Geuther from common aldehyde, by the action of anhydrous 
acetic acid,—have subjected common aldehyde, acrolein, and oil of 
bitter almonds to the action of hydrochloric, hydriodic, and sul¬ 
phurous acids 

1 . Jerofetn ,—Mciacroltttn 
1 A€Ji>Je%n and Hydrochloric Acid 

By acting on acrolein, with dty hydrochlonc acid gas, 

a body is formed of the composition Cl, resulting from a 

direct combination of one atom of iddehyde with one atom of the 
acid Tins substance is insoluble in water, and can be washed with 
it in order to free it from any excess of acid or acroleiu which may 
be still present. By drying, which can only be done over sulphuno 
acid at low temperatures, the body, for wliich the authors propose 
the name of hydroohlorate of acrolein, is obtained m a mass of 
white crystals, presenting a texture like that of velvet It melts at 
32^ i) min a thick oil, having a smell of lightly rancid fat. It is 
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readily soluble in alcohol or ether, on evaporation of which it re¬ 
mains behind as a thick oil When boiled with water, it remains, as 
for os can be seen, unchanged. Dilute solutions of the alkalies ap¬ 
pear not to act on it Heated with solution of ammonia, in a sealed 
tube, at 100° C , it is decomposed, chloride of amonium and acrolem 
ammonia being the result* It does not combine with bichlonde of 
platinum when in solution in alcohol, and very slowly reduces boding 
ammotiiacal solution of nitrate of sdver Heated alone, it decom¬ 
poses mto acrolein aud hydrochloric acid By the action of concen¬ 
trated hydrochloric acid acrolein is set free Dilute sulphunc and 
nitric acids decompose it likewise, setting acrolein free Heated 
with hydrate of potash it gives off hydrogen, and there distils at 
lilt same time an oily body, which sohdifies into magnificent colour¬ 
less cr) stalb, analyses of which prove it to be an isomcnc acrolein, 
for which the authors propose the name Metacroletn 

Metacroleiii as thus obtained is insoluble m water, but is capable ot 
being recrystalh^ed from alcohol or ether The crystals form very 
long needles, more especially when melted metacrolein before solidify¬ 
ing IS allowed to flow about in a glass tube They resemble very 
much in appearance the crvstals of acetamide, possess a peculiar 
aromatic smell, and have a taste at first producing a cooling and 
afterwards a burning sensation They are lighter than water They 
melt at about 50° C , becoming solid at about 45°C Before melting 
they are somewhat volatilisablc, on winch account they can be 
distilled in the vapour of water On being heated, metacrolein is 
changed into common acrolem Dilute alkalies do not effect any 
change in this substance By heating with mineral acids, common 
acrolein is set free On leading dry hydrochloric acid gas over 
metacrolein in a hulb-tube, tlie metacrolein melts and combiues with 
the acid, producing the already-named hydrochlorate of acrolem 
From this behaviour, the authors behevc the acrolein contained m tlie 
combination of hydrochlorio acid to be metacrolein, and not common 
acrolein. If metacrolein be viewed na CjallsOi, the formula of the 
hydrochloric acid compound would then be CigllaO^, 2HC1, and 
the formation of metacrolem may be assumed to take place accord¬ 
ing to the following equation, C,jH^O^, 2HCH-2K0lI0=Cjj,H,04 
-|-2KCl-h4HO The cvoliiUon of hydrogen has been found to be 
the result of a secondary action 
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2. Aeroletn and Hydnodtc Acid 

These substances act very violently on each other if the acid in 
the gaseous form be led into acrolein, producing a hissing noise, as 
when red-hot iron is plunged into water The resulting substance is 
insoluble in alcohol, ether, acids, and alkahes Bisulphide of carbon 
dissolves out A little free iodine Heated alone, iodine is set free 

3 Acrolein and Water 

Acrolein mixed with two or three times its volume of water, and 
exposed to the temperature of boiling water for eight days, under¬ 
goes a gradual change Acrylic acid is produced, and a resinous 
substance, soluble in ether, melting at about 60^, and liecoming 
solid at 35^0 At common temperatures it is hard and brittle, like 
resin The per-centage composition of this resin, on anidysis, was 
found to be the same as that obtained by Redtenbochcr, and named 
Desacr^lhars*, viz carbon G6 6 , hydrogen 7 4 

4 Metacrolein and Hydrtodtc Acid 
When dry hydnodic acid gas is passed over dry metacrolein, the 
latter melts, and changes into a heavy yellow solution, resembling in 
smell and appearance the hydrochloratc of acrolein It can be 
washed with water, and appears at ordinary temperatures to solidify 
into crystals, placed over sulphuric acid to dry, it decomposes, be¬ 
coming brown, and setting lodme firee. From the analogy in its 
formation, this compound can be properly viewed as hydnodaie of* 
acrolein 

11 Aldehyde 

1 Aldehyde and Hydrochloric Acid 
Lieben found that by the action of hydrochloric acid on aldehyde, 
a body of the composition H^OgClj was produced, having a con¬ 
stant boihng-point of from 116°tolI7®Ct 
The authors confirm Lichen’s paper as to the replacement of 
by Cl, m two atoms of aldehyde, and have further obtained a new 
combination, analysis of it giving the formula as CjaH^^OjCl,, in 
which two eqmvalents of oxygen are replaced by tlie same number of 
equivdents of chlorine m three atoms of aldehyde By the action of 

* Liebig*! Annslen, vo\ xlvii p 145 
t lUd vol cvi p 336 
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water, this compound, hke that of Lieben, is resolved into hydro¬ 
chloric acid and aldehyde By heat, it is broken up into aldehyde 
and the body Og Cl^ The authors propose for it the name 
protoxychlonde of aldehyde 

2 Aldehyde and Hydrtodie Acid 

By the action of hydnodic acid on aldehyde a compound is pro¬ 
duced that decomposes with water into the aldehyde and the acid 
again, on which account it could not he purified On heating, it is 
suddenly decomposed at 70 ^ C, leaving a black resinous residue, 
which on distillation gave off vapours of iodine In its mode of 
formation it is analogous to the bodies produced hy the action of 
hydrochloric acid on aldehyde 

3 Aldehyde and Sulphurous Actd—Elaldehyde 

Dry sulphurous acid gas led into anhydrous aldehyde in cold water 
18 absorbed with great avidity, 11 grammes of aldehyde absorbing 19 
grammes of the acid, whilst an mcrease of volume takes place The 
absorptioii-coeffioient of aldehyde for this acid was found to be 1 4 
times greater than that of alcohol for the same, and seven times greater 
than that of water for it No chemical combination appears to take 
place, as, on passing a stream of carbonic acid through the fluid at a 
slightly elevated temperature, almost all the sulphurous acid can be 
dnveu out again If aldehyde, saturated with sulphurous acid, be 
left for about a week at ordinary temperatures in a well-stoppered 
bottle, it suffers in this time almost a complete change into a body 
for which the authors propose at present the name Elaldehyde. 
To obtam it pure, the fluid is mixed vnth as much water as is neces¬ 
sary to dissolve it up, the acid is saturated by degrees with chalk, 
and the fluid obtained is distilled so long as oily drops pass into the 
receiver. Tlie common aldehyde is separated m a resinous form by 
digesting for some time vnth solution of caustic soda or potash. By 
repeated distillation, the elaldehyde can be obtained free from every¬ 
thing but a litde water. Analysis gives the formula of this aldehyde 
as H 4 O 3 It is therefore isomeric with common aldehyde. As 
It was obtained in quantity by the foregoing method, its properties 
were further exammed. Its boding point was found to be 124^ C , 
and Bolidifying-pouit 10 ” C Whilst solidifying it likewise starU 
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into crystalB) the meltuig^poiiit of which is also 10 ^ C. The alde¬ 
hyde here described under the name Elaldehyde is identical with 
that of Wcidcnbush* Its mode of production from common alde¬ 
hyde IB the same, its boilmg-pomt likewise agrees with that of 
the aldehyde of Weidenbush 

Tbe elaldehyde of Fdihngf the authors believe to be identical 
with that they have obtained, and also that obtained by Weidenbush 
That which goes far to prove the identity of the two latter is their 
vapour-densitics That of Weidenbush’s is given as 4 58, whilst that 
of Fchhng's is 4 52, both are converted into common aldehyde by 
beating gently with dilute sulphuric acid, and both crystalluc at low 
temperatures The only material discrepancy between them is the 
boiling-point of 94° C given by Fehliug for elaldehyde, whilst Wei¬ 
denbush gives the boilmg-pomt of his aldehyde as 125° C 

III Oil of Bitter Atmonde 
1 Oil of Bitter Almonda and llydrochlorte Acid 
This acid does not combine with oil of bitter almonds Ex¬ 
periments made in sealed tubes, heated first to 100° C , and after¬ 
wards to 200 ^, gave no signs of a combinatiou having been effected, 

2 (hi of Bitter Almonde and Rydnodxc Aevd 
Much better results can be obtained when hydriodic acid is 
allowed to act on oil of bitter almonds The gas is absorbed, pro¬ 
ducing an morease of volume and of temperature, and at the same 
time a little water At the end of the operation two layers appear, 
of a dark-brown colour The upper one, which is about a sixth 
part of tbe quantity of the under one, consists of concentrated hy- 
dnodic acid, whilst ihe under one, a heavy oil, u a compound of 
iodine and oil of bitter almonds To obtain the substance m a pure 
state, It was first washed well with water, to remove excess of the 
acid, next treated with moderately strong solution of sulphite of 
soda, to remove any excess of oil, lastly, on washing with water, the 
salt was removed from it It can bo dried rapidly over sulphuric 
acid at a temperature not higher than 20° C, A higher temperature 
produces gradual decomposition In the preparation of this sub- 

* Uebig's Anaalen, vob Uvl p 155 
1 Liebig’s Aniwien, vol xxvii. p 320 
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Btancc, G grammcB of oil of bitter almonds absorbed 11 grammes of 
hydnodic acid gas Analyses of the substance lead to the formula 
Oj 1^, which will be observed to be 3 atoms of oil oi bitter 
almondsi in which 2(0^) is replaced by 2(Ig) The authors pro¬ 
pose for it the name Oxyiodidc of Bcnzaldehyde. The substance 
thus obtained melts at 28*^ C , and solidifies at about 25° G into almost 
colourless rhombic plates if rapidly cooled down When in a liquid 
state, the crystals mostly occur in groups of long needles The 
colour of the substance in a melted state is brownish yellow, at 
moderate temperatures, and on standing m the air, it becomes stilt 
darker in colour It possesses a smell very much resembling cress 
It volatilizes at common temperatures, its vapour attacking the 
eyes powerfully Its vapour at higher temperatures, when earned 
away by that of water, becomes more and more intolerable, pro¬ 
ducing a very inflammatory effect on the eyes and nose, which is 
more painful and permanent than that from acrolein It is insoluble 
and sinks in water, but cau be distilled m the vapour of it Watery 
solutions of carbonates and sulphites of the alkslies do not act on it 
Alcoholic solution of potash decomposes it by degrees on heating a 
little, producing much iodide of potassium, some benzoic acid, and 
an oily body that remains dissolved in the alcohol, which is not oil 
of bitter almonds Alcoholic and watery solutions of ammonia 
change it slowly into iodide of ammonium and oil of bitter almonds. 
Boiled with solution of nitrate of silver, it yields iodide of silver, and 
a smell of oil of bitter almonds Concentrated hydrochloric acid 
changes it by degrees, becoming brown, concentrated sulphuric acid 
dissolves It on heating, with the separation of iodine 

In conclusion, the authors remark that the action of hydroehlonc 
acid on aldehyde may be regarded as consisung in the replacement 
of two equivalents of oxygen by two of chlorine lu one, two, or three 
atoms of this body * thus, 

Aldehyde containing chlorine 

1 atom of aldehyde H, O, C, H, Cl, 

2 „ „ H, 0* Cg H, 0, Cl, Lieben’s body 

3 .. „ 0„H.0, 

The aetion of hydnodic acid on oil of bitter aknonds girca me also 



114 


to a body derived from d atoms of this aldehyde, iii which 2 (O^) is 
replaced by 2 (I,) 

3 atoms of oil of bitter almonds, Oxyiodide of Bcnzaldehvde, 

In tbe case of acrolein, the action of hydrochloric acid is different, 
it combines directly with it, no elimination of water taking place If 
we conceive, however, that, in the action of this acid on common 
aldehyde, the water which is Uiere produced is the effect of a 
further decomposition, tlien we may readily siipjiose that, if this 
further decomposition had taken place In the case of hydrochloric 
acid and acrolein, a body derived from two atoms of acrolein, 
and having replaced by CI^, corresponding to the second term in 
the combination of aldehyde and chlorine, would have been the re¬ 
sult, thus— 

2 atoms of hydrochlorate of acrolein— 

C,a Cl^—2{H 0) =sC,^ Cl^, GorreB]H>ndmg to the 
term C, Cl^ in common aldehvde 

There is a curious connexion which ina^ he mentioned, iii this 
substitution of chlonue for oxygen m aldeliyde, between the formula 
of these bodies containing clilonnc, and those of the isomeric modi¬ 
fications of aldehyde. 


V. " On the Action of Acids on Glycol (Second Notice) By 
Dr. Maxwell Simpson Communicated by Dr Fhank- 
LAND. Received June 29, 1859 

Since my last communication to the Society, I have discovered a 
more convenient process for the preparation of chloracetme of glycol 
I have ascertained that the monoacetate of glycol is as readily con¬ 
verted into this substance by the action of hydrochloric acid, as a 
mixture of acetic acid and glycol As the monoacetatc is easily ob¬ 
tained, and for this purpose need not be qmte pure, it is possible by 
this method to prepare the body in question on a large scale and 
with great facility. It la simply necosaary to oonduct a atream of 
dry hydrochloric acid gas into the monoacetate, maintained at the 
temperature of 100° C., till the quantity of oil precipitated on the 
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addition of water ceases to increase The whole is then well washed 
with water, dried by means of chloride of enUnum, and distilled 
Almost tlie entire quantity passes over between 144° and 11G°C 
A portion of liquid prepared in this manner gave the following 
numbers on analysis, which leave no doubt ns to its identity — 



Theory 

39 18 

nxperimeiit. 
39 01 


5 71 

5 83 

o. 

26 14 


Cl 

28 97 



10 U (M) 



The reaction which gives birth to this body may he thus ex¬ 
plained — 


C.H, ] 

H 


c.n. 

+ I1C1=C,H,0, 


o,+mo 


6 


1 have made a determination of the vnpour-dcnsity of chloracetmc, 
and oh^ned results confirmatoiy of the formula I have given for 
this body * expenmental vapour-density 4 309, calculated 1 231 for 
4 volumes 1 have also ascertained that oxide of ethylene is formed, 
and not glycol, when this substance is acted upon by a solution of 
potash The following equation will explain the reaction — 



0,+ KCl+C,H,0,+2lI0 


Aelttm qf Chloraeetme qf Glyvol on Butyrate of Silver*—Fonmtion 
of Butyroacetate of Giycol 

Equivalent quantities of chloraeetme and butyrate of silver were 
exposed in a balloon with a long neck to a temperature ranging be¬ 
tween 1001® and 200° C , till all the silver salt had been converted mto 
cUonde. The product was then digested with ether, filtered, and 
the Altered liquor submitted to distillation. As soon as all the ether 
had been driven off; the thermometer rose rapidly to 180°, and be¬ 
tween that temperature and 215° almost the entire quantity passed 
over. This was Auctioned, and the portion distilhng between 208° 
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and 215° vaa set apart for analysw Thv aumbera obuiiied lead to 

C, H, ] 

the formula C* 11,0, \ O^, as will be seen from the followiiig per- 

c,ii,oJ 

centage table — 

Theory Experiment 

_ 

I II 
54 .11 r»5 5S 

8 20 7 07 


C,„ a55 17 

8 04 

O, .30 79 


100 00 

I also made a determination of the acids by heating a weighed 
quantity of the ether with hydrate of baryta in the usual manner 
The quantity of sulphate of baryta obtained indt< ated 2 2 equivalents 
of acid for one equivalent of tbc substance analysed The excess of 
acid was probably owing to the presence in tlie ether of a trace of 
free butyric acid The following equation will explain the reaction 
which causes the formation of this compound — 

C.u,0 0,+Agci 

Cl 

In many re^tions chlonnc replaces, and is replaced by, Il+O,, in 
this It is replaced by the group Og (equivalent to one atom of 
hydrogen) -f 0^ 

This ether, which I may call bntyroacctate of glycol, has a bitter 
pungent taste It is insoluble in water^ but soluble ui alcohol It is 
specifically heavier than water It is a very stable body,—solution oi 
potash, even when boiling, effecting its decomposition with difficulty 

I have no doubt that many luiaiogoas compounds may be prepared 
in the manner 1 hare just described 


Aetim of Chhranetine of Glycol on Ethylate of Soda. 

In the hope of forming a compound intermediate between diace- 
tate of glycol and diethylglycol, I resolved to try the action of chlor- 
acetine on ethylate of soda, thinking that probably the body m 
question might be generated by the following reaction — 

C, HgOg 10,+^* } 0,«C, H, Og 10,+NaCL 

J ^ C* Hg J 

Cl 



117 


}n order to settle this point, I exposed equivalent quantities of 
these bodies in a sealed balloon to the temperature of a water-bath 
for about two hours My expeetationSj however, were not realized 
On opening the balloon, I found that the reaction had proceeded too 
far, acetic ether haviiig been formed along with the chlonde of 
sodium 

Action of Hydrochlonc and Butync Acid^ on Glycol —Fot matton of 
Chlorhutyrme of Glycol 

Tills compound is prepared lu the same manner as its homologue, 
namely by transmitting a stream of dry hydrochlonc acid gas 
through a mixture of equivalent quantities of butyric acid and glycol, 
maintained at the temperature of lOO^C As soon as the reaction 
IS finished, the product is well washed with water, dned by means 
of chloride of calcium, and distilled The greater part passes over 
between IbO^ and 182^ This must be rectified, and tbc quantity dis- 
tillmg between 17 and 182° collected apart This gave, on analysis, 

C H 1 

rcBultB agreeing wit\i the formula q* j|* q V as will be seen from 
the following table — *C1 

1 ^ iP 

C„ 47 84 47 76 

n„ 7 30 7 31 

O, ... 21 28 

Cl 23 58 23 88 

The reaction, to which the formation of this body is due, may be 
thus explained 

=>^}o.+'=.»’g-}o.+Hci=®;g;o.^o,+4HO 

Chlorbutynnc of glycol, as 1 may call this compound, has a pim- 
gent and somewhat bitter taste. It boils at about 190°. Its specific 
gravity at aero is 1 0854 It is insoluble in water, but freely soluble 
m alcohol It is decomposed with difficulty by a boiling solution of 
potash, but readily by sohd potash,—chlonde of potassium, butyrate 
of potash, and oxide of ethylene, being formed 

I have aacertamed that acetobutyrate of glycol, the ether I have 
VOL X. K 
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already descnbed, can be prepared from Ihui body as well as fron) 
cbloracetinei by exposing it to the action of acetate of silver The 
process is the same as that 1 have already given, with this difference, 
that the reacting bodies must not be heated above 150°C The 
ether prepared in this manner gave the following numbers on ana¬ 
lysis — 

Theory Experiment 

Cj, 55 17 56 29 

H,, 8 04 8 75 

O, 36 70 

The quantity of this substance at my dis))osal was so small (the 
greater part of my product having been lost) that I could not purify 
It completely, hence the expenmental numbers do not exactly accord 
with the theoretical 

AeHon of Hydroehlorte and Btnzotc Acids on Qlyeoh—Formation 
of Chlorbenzoate of Glycol 

A mixture of eqmvalent c|uantiUes of glycol and benzoic acid, pre¬ 
viously fused and powdered, was exposed to the action of dry hydro- 
chlonc acid gas for several hours, the mixture being maintained at 
the temperature of 10(F during the action of the acid, as in the case 
of the former compounds. The product thus formed presented the 
appearance of a soil white sohd, and contained a considerable quan¬ 
tity of uncombmed benzoic acid This was removed by agitating it 
with hot water, till, on cooling, it no longer became solid, but re- 
nuuned perfectly fluid Finally it was dissolved m alcohol, and pre¬ 
cipitated by water. The body thus prepared, and without bemg 
distilled, was analysed, having been previously dried in vacuo over 
Bulphunc acid. Another specimen, prepared in the same manner, 
at a different time, was also analysed, having, however, been previ¬ 
ously distilled. During the distillation it was observed that not a 
drop of fluid passed over till the mercury had risen to 254°, and be¬ 
tween that temperature and 270° the entire liquid distilled over. 
'What passed over between 260° and 270° was collected separately, 
this was the portion analysed The numbers obtained on analysis 

agree with the formula as the following table shows i— 
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Theory 

Bxpenment 

Portion dittiUed 



1 11 


c.. 

58 54 

59 70 

58 69 

H. 

4 87 

5 01 

5 31 

0 «.. 

17-35 



Cl 

19 24 

17 93 



100 00 

The portion not dutillcd contained doubtless a trace of free beti- 
toic acidj which would affect the carbon and chlonne, but not the 
hydrogen 

Chlor-bcnaoate of glycol, as I shall call this compound, has a 
pungent and somewhat bitter taste It is insoluble in water, but 
freely soluble in alcohol and ether Boiling solution of potash 
effects Its decomposition with difficulty, solid potash readily, the re¬ 
action bemg the same as in the case of the analogous compounds 

Action of Hydriodie Acid on Qlyeol —Formation of Iodide of 
Ethylene on lodhydrine of Glycol 

Hydnodic acid gas is absorbed with groat energy by glycol A 
considerable quantity of heat is evolved during the passage of the 
gas, and the liquor becomes black and thick from the separation of 
free lodme On removing the iodine by means of dilute potash, a 
mass of small white crystals is brought to light, which 1 at once 
suspected to be iodide of ethylene To remove all doubt on this 
point, I submitted the crystals to analysis, having previously purified 
them, by reciystallunng from boiling alcohol. The numbers ob¬ 
tained agree with the formula of iodide of ethylene — 

Theory. Rxpenment 

C,.... 8-51 8 73 

H*.. 142 178 

I, . . 90 07 

100 00 

The reaction which causes the formation of iodide of ethylene may 
be thus explained 

^ } 0,+2HI«C, I,+4HO 

That the aetton of hydnodic acid on glycol should be different 

k2 
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from that of hydrochloric acid is doubtlcBB owing to the bond of 
union between hydrogen and iodine being much weaker than that 
between hydrogen and chlonne 

If, on the other hand, the temperature of the glycol be prevented 
from rismg dunng the passage of the hydnodic acid gas, by sur* 
rounding the vessel containing it with cold water, a liquid product is 
obtained, which is coloured dark-brown by free iodine This 1 have 
not as yet been able to discover any means of purifying, it being 
soluble in water, and decomposed by distillation 1 believe, how¬ 
ever, it 18 the compound corresponding to chlorhydnnc of glycol 

^ Wurtz A portion of this hquid. 
Cl 

from which 1 had simply removed the free iodine, by agitation with 
mercury, gave, on analysis, numbers agreeing tolerably well with 
the formula of lodhydnne After the analysis, however, 1 discovered 
tliat it contained a considerable quantity of iodide of mercuiy in 
solution Another portion, from which I had removed the lodme 
by means of metalhc silver, gave, on analysis, 11 1 per cent carbon 
and 3 5 hydrogen, instead of 13 9 carbon and 3 0 hydrogen* After 
all, an analysis is not necessary to enable us to arrive at the composi- 
tjoii of this body* The products formed by the action of potash on 
it furnish us with almost as convincing a proof of its composition as 
any analysis could do They are iodide of potassium and oxide of 
ethylene 

lodh}dnne of glycol is soluble in water and alcohol, but losoluble 
in ether. It has no taste at first, after a time, however, it almost 
bums the tongue, it is^so pungent. It is decomposed by heat into 
iodide of ethylene, and probably glycol It acts with great energy 
on the salts of silver. 

Jetton of Hydnodte and Jeeite Aetds on OlycoL—Formatum of 
lodacettne of Glycol 

A stream of hydnodic amd gas was conducted mto a mixture of 
equivalent quantities of glacial acetic acid and glycol, the tempera* 
ture of which was prevented from rising dunng the action of the gas. 
As soon as a portion of the hquid gave a considerable quantity of an 
oily precipitate on the addition of water, the passage of the gas 
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was interrupted, for the prolonged action of the gas is apt to give 
nsc to the formation of iodide of ethylene The bquid thus obtained 
was well washed with very dilute potash, dned in vacuo, and ana* 

C II I 

lysed The numbers obtamed lead to the formula q* q V O^, as 

will be seen from the following table — I 

Theory Expenment 




I 

II 


22 42 

21 95 

22*30 

H,. 

3 27 

3 31 

3 50 

0, 

14*96 



1 

59 35 




lUOOO 




lodacetine has a sweetish pungent taste It is msoluble in water, 
but soluble m alcohol and ether Its specific gravity is greater tliau 
that of water It crystallizes in tables when exposed to cold Heated 
with potash, it gives iodide of potassium, acetate of potash, and oxide 
of ethylene It is readily decomposed by the salts of silver 
This compound can also be prepared with great facility by ex- 
posmg monoacetatc of glycol to the action of hydnodic acid gas 
The liqmd must be kept cold during the action of the gas, which 
should be mterrupted as soon as the addition of water to a portion 
of it causes an abundant oily precipitate The whole is then washed 
with dilute potash, and dned in vacuo A specimen prepared in 
this manner gave, on analysis, 22 62 per cent carbon and 3*43 hy¬ 
drogen, instead of 22 42 carbon and 3 27 hydrogen 
I hope soon to have an opportumty of studying these lodme com¬ 
pounds more particularly 

Aet%on of Anhytlroua Aettxc Acid tm Qlyeol,—FormuHon of Mono^ 
acetate of Cr^co^ 

A mixture of equivalent quantities of anhydrous acetic acid and 
glyool was heated in a sealed tube for several hours at a temperature 
not exceeding 170^ C. On openmg the tube, and submitting its 
contents to distillation, it was observed that the mercury remained 
stationary for a considerable time at about 12(P, the point of ebulli- 
tiOD of glacial acetic amd, and then rose rapidly to 180^, between 
which and 186^ the remainder of the liqmd passed over. 



122 


This was analyBed, and proved to be pure monoacetate of glycol 
Theory Ezperimmt 

C, 46 15 46 02 

H, 7 69 7 80 

0« 46 16 


100 00 


The following equation will explain the reaction which takes place 
between the acid and the glycol — 




The foregoing expenments were performed in the laboratory of 
M. Wurtz 


VI "ExpenmentB on some of the Various Circumstances in¬ 
fluencing Cutaneous Absorption By Avqustus Waller, 
M.D , F11 S , Professor of Physiology, Queen’s College, 
Birmingham. Received June 27, 1859 

In some former expenments* I endeavoured to elucidate the phm- 
nomeua of cutaneous absorption on the lower ammals (batracia), by 
immersing the hmder extremities in vanous solutions, and afterwards 
watching the penod at which the absorbed substances reached the 
tongue, where their presence was detected by means of some reagent 
apphed to its surface, as, for instance, a salt of iron, when the legs 
were immersed in a solution of yellow ferro-cyauide of potassium, 
Prussian blue was then formed as soon as the ferro-cyanide was 
brought to the tongue ' 

Furthermore, 1 was able to detect, by the aid of the microscope, 
the ** Ueux d’dlection," or preference spots, where the cyamde escaped 
from the vessels. 

On the present ocoasion I shall endeavour to elucidate cutaneous 
absorption on the higher animals, and, if possible, to give a more 
definite view of this fimotion, by deterpmung, by accurate measure¬ 
ment, the degree of rapidity, pecuhantieB, &c., which it may 
offer in vanous conditions. 

* Waller ** Abiorptloii of vinous rabstsness tbrongh the skin of the Aog.”— 
frenwM ThfeiSerfdlfc, 1851. 
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A very simple mode of demonstrating the existence of cutaneous 
absorption is by immersing the leg of a young guinea [itg, not more 
than half-grown, into a mixture of e(}ual parts of chloroform and 
tincture of aconite After 15 mmutes’ immersion, the part will be 
found msensible at the surface and extremities, and, after a short 
time, symptons of ])OiBoning by acomte will supervene, viz nausea, 
eiTorts at vomiting, sometimes vomiting of bile, coldness of the 
surface and extremities, circulation very weak, laborious respiration, 
slight convulsive symptoms, and death 
Tlie influence of age, or of thickeiung of the cuticle, is easily seen 
in the same way , for, if instead of a young animal we take an adult 
one, we obtain no poisoning, but merely local insensibility and slight 
disturbance of respiration, &c 

Another not less mstructivc experiment consists in replacmg the 
mixture of chloroform and tincture of aconite by simple tincture of 
aconite In this case, the limb may be indefinitely immersed without 
our obtaining cither local msensibihty, or death, or indeed any 
symptom whatever of the presence of aconite in the system 
A fourth experiment, which consists in dividing the sciatic nerve, 
shows the influence of innervation on the function of absorption, for, 
if performed on an adult animal, and consequently one mcajiablc of 
absorbing aconite in quantity sufficient to cause death, the powers of 
absorption will be generally found so much augmented that the 
animal will be jioisoncd by immersion of the limb in simple tmeture 
of aconite 

In this experiment I attribute the acceleration m the cutaneous 
absorption to the paralysis of the blood vessels, as in my expenments 
on the Byni|)athetic nerve, where I showed that in blood vessels the 
passage of the blood is completely regulated by nerves spnnging 
from the spinal cord 'When the vascular nerves are paralysed, the 
artery becomes greatly distended, and the blood flows faster within it. 
The foot afiter the section of the smatic is, on this account, more hot 
and red, and for the same reasons it is easy to account for the more 
rapid absorption of medicinal agents 
A fifth experiment consuts in placing a hgature on the hmb, m 
order to impede the powers of absorption of the animal Although 
the ligature does produce this result, I was rather surprued to find 
how much less efficient it was than is generally represented; for, 
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whenever the least symptoms of a toxic influence made their appear¬ 
ance, a ligature placed over the hmb rarely succeeded in saving the 
animal 

In order to obtain results more susceptible of measurement, 1 pro¬ 
ceeded to substitute atropia for aconite, and to moke use of the album 
rat in lieu of the guinea pig By this means, I possessed an agent 
whose mtervention was immediately detected by its action on the 
ins My choice of the olbmo rat was for the like reason, t e the 
facility which it offered for exact and easy measurement, in winch 
respect this animal is far preferable to any other with which I am 
acquamted, unless wc except the white mouse, which, however, is so 
liable to die from slight causes, that it is httle adapted for most 
physiological expenments 

The modus operandi which 1 generally adopt is to immerse the 
hmb mto a small 2-drachm bottle contaimng suflicient of the mixture 
to cover the foot and part of the leg The strength of the solution 
of atropia bemg generally that from half a grain to one draclim of 
some menstruum, such as chloroform, alcohol, &c , I generally prefer 
simply to hold the animal durmg the expenment to any other mode 
of restramt. By these means I am able to guard against several 
causes of error, such as the direct contact of the solution with tlie 
eye or mouth, and, at the same time, avoid any unnecessary dis¬ 
comfort to the animal 

Chloroform and Jtropta —A solution of atropia in chloroform 
will generally be found to cause dilatation of the pupil after the foot 
has been immersed from two to five minutes The dilatation, having 
once commenced, is usually very rapid, and the pupil very soon attains 
double or treble its normal diameter, which is about | to ^ a millimetre 
dunng day-time It is easy to recognise that this dilatation is not in 
very simple ratio to the time occupied in its expansion, the expansion 
of the pupil bemg more nearly in proportion to the square of the time 
occupied than in a simple arithmetical ratio Immersion of one hmb 
causes both pupils to dilate equally, except m some few instances, 
where one pupil expands much more than the other, from some oon- 
sUtutional peculiarity, which remams the ^me whichever foot be 
immersed 

Although I have never failed to obtain dilatation of the pupils by 
the immersion of the foot in this solution of atropia, yet, in some 
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cases, it takes place more slowly than iii others The age of the 
animal has, in this respect, a most marked retarding mduence On 
animals only about a third grown, it will often occur at about 2 j 
minutes after immersion, while m the adult it generally requires 
five minutes and upwards 

The local effects of immersion arc redness, heat, and swelling of 
the foot, occompauied sometimes with extravasation from some 
smaller vessels, when the immersion has been jirolonged for ten 
minutes and upward The sensibility of the part is hkcwitfe di¬ 
minished, but 111 no case so as to product msensibihty The amount 
of irritation is of course variable, according to the duration of the 
immersion It is, however, important to remark that full dilatation 
of the pupils may be obtained without any symptons beyond those 
of a temporary active vascularization of the part, which quickly dis¬ 
appears when the irritating cause is removed, and which presents no 
more active symptoms than those produced by neuro-paralysis of the 
vessels after section of the sciatic ncr\e 

If instead of immersing the limb as above, we merely plunge it 
for a moment m the solution, wo likewise may have dilatation of the 
pupil, but more slowly 

The same effects are obtained even although the limb be washed 
on its withdrawal from the solution, which would lead to the inference 
that the effect in that case is owing to absorption of the atropia, at 
all events beneath the cuticle 

In the cose of a solution of atropia in turpentine, a still more 
curious effect is observed, viz that during immersion in the liquid 
the pupil scarcely, if at all, dilates, whereas, immediately after the 
removal of the limb, the dilatation commences Dilatation of the 
pupils will generally persist from twenty-four to thirty-six hours, 
and the return to the normal size is very gradual In some cases 
the pupil may be affected after an immersion of nine minutes, the 
dilatation reaching three millimetres, while in others, only a very 
shght influence is obtamed on the pupil after an immersion of from 
twelve to fifteen minutes If the limb is then removed from the 
solution, the pupil dilates to its maximum in a few mmutes. After 
two or three minutes’ immersion, the ammal shows signs of consider¬ 
able pain Much mfliammation of the part follows the action of this 
solution, which is followed by oedema 

When we immerse the tail of the ammal instead of its foot, 



126 


absorption takes place much more slowly, dilatation of the pupil being 
produced only after the lapse of about twenty minutes* 

Mrcpia and AleohoL-^lf we substitute alcohol instead of chloro¬ 
form as a solventi we find that absorption is extremely slow Instead 
of obtaining dilatation of the pupils in two or three minutes, we find 
that an immersion of twenty to thirty minutes in the alcoholic solu¬ 
tion will only produce very slight effects At the same time the 
local irntation is much less than that caused by chloroform Alcohol 
of various strength, from proof spirit upwards, had the same result 
as a solvent 

Atrop^a tn water^ vntk the addition of eufficient aeeite aeid for 
tU eolation —^The absorption of atropia m this state is very slow, 
thirty minutes’ immersion frequently producing no dilatation of the 
pupils Dilatation is then promoted by removal of the limb from 
the solution 

Watery extract of Belladonna —^When rubbed over the leg and 
tail, this substance was not found, after the lapse of an hour, to pro¬ 
duce any dilatation of the pupil 

Tincture of belladonna, with half its quantity of chloroform, pro¬ 
duced dilatation at the end of fifteen minutes The part was found 
on removal to be completely insensible, and considerably swollen 
from cedema, which lasted for several days 
Atropia with strong alcohol and ammonia produced dilatation of 
the pupil after twenty-five minutes* immersion In this case, the 
ammonia was added for the purpose of ascertaining how far irritation 
of the part was conducive to absorption Slight vesication was the 
consequence of the presence of ammonia. The acceleration of the 
absorption wiu very shght, as the solution prodttsed no dilatation 
until after twenty-four minutes' immersion 
Aheorptxon of’Morphia .—^The foot of a young rat at one-third of 
its growth was immersed in a solution consisting of half a grain of 
acetate of morphia in twenty drops of alcohol and one drachm of 
chloroform. In five minutes Uie pupils gradually dilated to the 
maximum; the hmb was then withdrawn, foot hot, red, and rather 
swollen Irritation of the skin caused no ciy, the ammal menly 
withdrawmg the part Somnolency existed, from which any noise 
aroused it, but only for a moment When placed on its back, the 
ammal remomed m that position Respiration accelerated. Visioa 
when roused very imperfect, as was shown by its falling off the table. 
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The pupils continued fully dilated, the ini being reduced to an 
almost imperceptible circle, the dilatation exceedmg that which 1 have 
been able to attorn even with atropia. I will not dwell more fully at 
present on this lost interesting fiict, which is opposed to what we 
generally meet with in the administration of morphia Twelve 
hours after, pupils normal, animal quite well 
Stryehma and Chloroform —After three minutes’ immersion of 
foot, dilatation of pupils ensued After five mmutes, the immersed 
limb was veiy sensitive, apparently more so than normal lamb 
removed from solution, spasms about the throat now appeared, 
which were rapidly succeeded by stiffness of the trunk, mcreasmg 
into tetamc spasms Death, two minutes after removal. 

Strychnia and Alcohol —Foot immersed in a solution of alcohol 
and strychnia for upwards of thirty-five mmutes, no symptoms of 
strychnme poisoning Removed from solution and washed. Twelve 
hours later, no dilatation nor contraction of pupils. 

The above observations evidently sliow that medicinal substances 
may be very rapidly absorbed into the circulation under certain cir¬ 
cumstances, among which, the most important is the choice of the 
menstruum in which they are dissolved 

It remams for us to examine mtu the effect of temperature, m- 
flammatiou, neuro-vascular paralyns, &c , on absorption. But, what 
IB of sUll more importance, we have to see how far these facts are 
apphcable to man m health and disease 
Meanwhile, 1 take this opportunity to state that a remarkable 
uniformity exists between cutaneous absorption m man and in the 
lower animals, and 1 beheve that the apphcation of these facts to 
practical medicme pronuses to be very important and exteusivo 

VII. Spontaneous Evaporation^’ By Benjamin Quy 
Babington, M.D , F.B.B., &c Received June 7,1859 

(Abstract) 

The object of this communication is to make known certain powers 
of attraction and repulsion, hitherto, os far as 1 know, unnoticed, 
which are possessed by soluble substances in relation to their sdvent, 
and which, m the cose of water (the solvent hero considered), are 
measured by the amount of loss, on spontaneous evapoiatioi^ in the 



128 


weight of solutions of different salts and other substaneeSy as compared 
with the loss of weight m water 

The force which holds together the particles of a vaponzable 
liqmd IS gradually overcome, if that liquid be exposed to air, by 
another force which separates, expands, and diffuses those particles 
in the form of vapour, and this separation takes place, even at a 
common temperature, so rapidly, provided the surface be sufficiently 
extensive, that an easy opportunity is afforded of detcrmming the 
loss of weight by a common balance 
A subject for investigation, possessing much interest, thus presents 
itself, and, ui its pursuit, some new and unexpected results are 
encountered 

The method which I have pursued has been to expose to the 
atmosphere, for a definite period, solutions of different salts, ami also 
pure water under like conditions of quantity and area, temperature, 
atmospheric moisture, and atmospheric pressure 
Different salts and other soluble substances are thus found to 
possess, when in solution, different powers of retarding or accelerating 
evaporation, and hence, from its amount, as compared with that which 
takes place in pure water, we can estimate the comparative value of 
those powers 

The powers themselves being established as facts, the next point 
IS to endeavour to discover the cause or causes on which they depend, 
and a wide field of mquiry is thus opened 
The following are the instruments which have been employed 
1 A balance, for one of the scales of which is substituted a flat 
metal plate, six inches square, on which the vesselB to be weighed 
can be conveniently supported. This balance will turn sensibly at a 
grain, even with a weight of 4 lbs. on either side 

2, A number of copper pans tinned witliin, all of the same suee, 
being precisely 5 inches square mside, with perpendicular sides 
Iths of an inch m height, also a number of earthenware pans of the 
same dimensions, The area of 25 square mches has been chosen, 
partly because this size is convenient for mampulahon, and partly 
because the results obtained con be easily represented m decimals. 
Thu facihty of decimal calculation would be of importance should 
such pons come mto general use as hygrometers, fi>r which purpose 
they are well adapted. 
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3 Specific gravity bottles and connterpoises 

4. Thermometers of vanous degrees of delicacy and range, for 
ascertaining freezing, temperate, and boiling points 

5 Test tubes for use, in connexion with tbeao thermometers, as 
well in freezing mixtures as over the spirit lamp. 

6 A barometer 

7 Vanous salts and other soluble substances, furmshmg, when in 
solution, the matenals for examination 

The mode of procedure which 1 have adopted has been, to state 
my facts in the form of propositions, and to prove each of these 
propositions by experiments 

The propositions are as follows 

1st proposition —^That in many aqueous solutions of salts and 
other soluble substances evaporation is retarded, as compared with 
the eva}ioration of water 

2nd proposition —That in solutions of salts winch retard evapora¬ 
tion, that retardation is in proportion to the quantity of the salt 
held in solution. 

3rd propoBition.~That different salts and other substances soluble 
m water have different degrees of power in retarding its evaporation 

4th proposition —^That the power of retarding evaporation does 
not depend on the specific gravity of a solution 

fith proposition —That m aqueous solutions of salts, the power of 
retardation does not depend on the base, whether we compare solu¬ 
tions contaimng hke weights of the salt, or solutions of bkc specific 
gravities 

6th proposition —^That m aqueous solutions of salts, the power of 
retarding evaporation does appear to depend upon the salt radical or 
acid, although the retardation is not altogether independent of the 
influence of the base. 

7th proposition.—/That salts with two equivalents of an acid have a 
greater power of retarding evaporation than salts with one equivalent 
There are, however, exceptions 

8th proposition.—^That there are some salts which, being dissolved 
in water, do not retard its evaporation, and some salts which, so far 
from retarding, actually accelerate evaporation. 

The truth or probabihty of the foregoing propositions is established 
by numerous experiments, but in this abstract 1 shall, for the sake 
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of brevity, only state the result of one or two experiments in proof 
of each. 

The first proposition is proved by the fact that a solution of bydro- 
chlorate of soda in the proportion of 480 groins to four measured 
ounces of water, when exposed under the conditions already stated to 
spontaneous evaporation, lost only 33 grains in weight after twelve 
hours’ exposure,—while four ounces by measure of water lost 53 grains, 
•—and after twelve hours’ further exposure lost only 109 grams, while 
the water lost 174 grams, that is, the water, as compared with the 
solution, lost weight m the ratio nearly of 5 to 3 

The second proposition is proved by the fact that a solution of 
240 grains of hydrochlorate of soda in four ounces by measure of 
water lost m twelve hours 73 grains by evaporation, while four ounces 
by measure of pure water lost 81 grams,—^this is m a proportion 
of only about 8 of the latter to 7of the former, whereas, when double 
the quantity or 480 grams of salt were dissolved, the pure water, 
as compared with the solution, lost in the proportion of 5 to 3 

The third proposition is proved by the fact that a solution of 480 
grains of mtratc of potassa m 4 ounces or 1920 grams of water lost 
in twelve hours 95 grams, while a solution of the same strength of 
hydrochlorate of soda lost only 70 grains, and again, a solution of 
loaf-sugar, m which 480 grains were dissolved in 1920 grains of water, 
lost m 80 hours 175 grams, while a like solution of hydrochlorate of 
soda lost only 117 grams 

The fourth proposition is proved by the fact that 480 grains of 
gum-arabic dissolved in 1920 of water had a specific gravity of 1 072, 
while a solution of hydrochlorate of soda of hke strength had a spe- 
dfic gravity of 1'149, after 11| hours, the former had lost by eva¬ 
poration 71 grams, while the latter bad lost only 50 grams Here, 
therefore, the solution of the lighter specific gravity was Uu retarded 
in its evaporation than the heavier solution In contrast with this 
fkot, a solution of hydrochlorate of ammonia of 480 grains to 1920 
grams of water, havmg a specific gravity of only 1 050, lost by evapo¬ 
ration, in 8 hours and 44 mbutes, 17 grams, while a hke solution of 
hydrochlorate of soda lost 24 gndna Her^ then, the solution of 
lq;hter wpeoi&c gravity was mere retarded m its evaporation than the 
heavier solution. The conclusion is decisive that specific gravity has 
no necessary connexion with the phenomena 
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The fifth proposition is proved bj the fact that in the following 
solutions of salts of potassa, all of the same strength (namely 1 salt 
to 10 water), a difference in the amount of evaporation m each will 
be observed to have taken place, and it must be borne in mind that 
in solutions so weak we cannot expect that difference to be very 
great 

The reason for employing weak solutions was the necessity for 
having all of the same strength, one in ten being the extent, to which 
the least soluble salt submitted to examination, namely, the sulphate 


of potassa, w^ll, at a low temperature, dissolve 

graina 

Acetate of potassa lost in 35 hours . 

145 

Bicarbonate of potassa lost in 35 hours 

131 

Carbonate of potassa lost in 35 hours 

115 

Fcrro-cyanate of potassa lost in 35 hours 

110 

Hydrochlorate of potassa lost in 35 hours 

98 

Nitrate of potassa lost in 35 hours 

117 

Sulphate of potassa lost in 35 hours 

132 

Tartrate of potassa lost in 35 hours 

151 

The above solutions were next made all of one specific gravity, 

namely 1 060, temp 62^ Fahr, instead of being all of 
and the following is the result — 

one strength, 

grtin* 

Acetate of potassa lost in 16j| hours 

46 

Bicarbonate of potassa lost in 16| hours 

45 

Carbonate of potassa lost in 16| hours 

35 

Ferro-cyanatc of potassa lost m 16 j hours 

41 

Hydrochlorate of potassa lost m i6| hours 

32 

Nitrate of potassa lost in 16^ hours 

. 39 

Sulphate of potassa lost in Ifii^ hours 

42 

Tartrate of potassa lost in 16^ hours 

43 


The sixth proposition is rendered probable by the following ex¬ 
periment, m which solutions are employed of acetic, nitnc, sulphuric, 
and hydrochlono acids, combined respectively with potassa, soda, 
and ammonia, m the proportion of 100 grains of the salt to 1000 
grams of water. After Ae expiration of 10 hours and 20minabe8, 
the solution of the three acetates lost respectively, for the potassa 
salt 35 gra., for the soda salt 35 grs., and for the ammonia salt 
28 grs. In the solutions of the three nitrates, the loss was re¬ 
spectively 24, 25 and 25. In the solutions of the three sulphates, 
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the loss was 30 grs., 37 grs., and 29 grs respectively^ while in the 
solutions of the hydrochlorates it was 17« 18» and 19 grams 
The seventh proposition is proved by an experiment m which a 
solution of lOU grains of carbonate of potassa dissolved in 1000 
grains of water is compared with a like solution of bicarbonate of 
potassa. In ten hours the solution of the carbonate lost 45 grams, 
while that of the bicarbonate lost only 36 groins In companng 
like proportions and quantities of sulphate and bisulphatc of potassa, 
tlie respective losses in 13 hours were, for the former 53 grams, for 
the latter 45 grains. Similar comparisons of the achate and bin- 
acetate of ammonia, phosphate and biphosphatc, sulphate and 
bisulphate of potassa, tartrate and bitartrate of soda show like 
results In the course of investigating this proposition it wks 
remarked incidentally that m all the salts examined, with the single 
exception of carbonate and bicarbonate of soda, the bin-acid solution 
(the proportion by weight of salt to water being equal) is of less 
specific gravity than the mono-amd solution, though possessing a 
greater power of retarding evaporation. 

The eighth proposition, which seems extraordinary and even 
paradoxical, is proved by an expenment iii which saturated Bolntiona 
of—1, ferro-cyanate of potassa, 2, bitartrate of potassa, 3, snlphate 
of copper, 4, chlorate of potassa, and 5, distilled water, were com¬ 
pared In 9 hours and 20 mmutes, thoir losses by evaporation were 
respectively 34 grs , 38 grs, 34 grs, 29 grs , and 29 grs, where we 
perceive that lu the chlorate of potassa solution there has occurred 
no retardation at all, while in the following expenment, m which 
120 grams of each of the salts examined were dissolved m 1200 
grains of water, uaqiely,—1, solution of sulphate of copper, 2, solu¬ 
tion of ferro-cyanate of potassa, 3, solution of carbonate of soda, 
and 4, distilled water, the number of grains lost by eva[>oration after 
15j| hours' exposure were,—I, 120 grs,, 2, 113 grs , 3, 106 grs., 
4, 103 grs. 

It IS thus perceived that m all the three solutions a more rapid 
evaporation had taken place than m distilled water alone 

One or two other propositions are in process of investigation. 

The paper concludes with a table of the freezmg-^pomts, boiling- 
pomts, and specific gravities, as wall of weak as of saturated solutioni, 
of the salts which have been submitted to examination 
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YIIL “ On the Application of the CalciUua of Probabilities to 
the results of measures of the Position and Distance of 
Double Stars/' By The Loan Wbottbsley^ V.P.R.S, 
&c Received May 27, 1859 

In a communication addressed to the Royal Society “On the results 
of Periodical Observations of the Positions and Distances of certain 
Double Stars/’ printed in the Philosophical Transactions for I851j 1 
took occasion to remark that the differences between mean results ob¬ 
tained on different evenings were greater in proportion than those of 
the separate or partial measures obtained on the same evening, which 
arise from chance errors of observation, and that this circumstance 
rendered the application of the Formulse of the Calculus of Probabi¬ 
lities to the reduction of the observations embarrassing and difficult 
In other words, the differences between the mean positions and dis¬ 
tances obtained on different nights were greater than would have 
been anticipated by one who had merely computed the probable error 
of a single measure in the usual maimer from the data furnished by 
the sums of the squares of the partial differences from the mean 
The observations made smee 1H51 fully confirm the anomaly m 
question It IS probable, therefore, that there is some cause which 
modifies sensibly and iii some unknown manner the results obtained 
It may be temperature acting on the micrometer screw, it may be 
the state of the atmosphere or the method of making the observation, 
but whatever it he, the observations show conclusively that such 
causes are sometimes in operation 

For the purpose of obtaining some numencal expression, however 
imperfect, of the effect produced, I adopted the following method — 

I took the difference between two mean results of position obtained 
on two different nights, where not more than about two months in¬ 
tervened between the observations, and I asc'ertained also the mean 
of the probable errors of such positions as computed in the ordinary 
method In order that each star might be subjected to exactly the 
same treatment, 1 selected always the observations of the firit two 
nights on which it was observed, except when the two consecutive 
means were obtained at too long an interval apart Now as the 
number of partial measures of angle obtained on eadi separate night 
very often did not exceed six, these prolmblc errors are certainly not 
voi X. I 
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theoretiodlj oorrecti or to be depended upon absolutely as a test of 
the aocuraoy of the observation, but it may perhaps be assumed 
that any errors arising from tins cause will not matenolly affect the 
mean of a very great number of results. 

It appeared then that the mean of 218 differences taken at hazard 
from among such as were most accessible^ and from observations 
made by different observers, was 37' G 7, and that the corresponding 
mean of the means of all the probable errors was 13' 29 , that is to 
say, the latter is 35 27 per cent only of the value of the former. 
As some proof that the cause, wliatcver it may bo, is not very variable 
in its operation, I may add that the first 110 differences, which were 
all obtained before the end of 18.')4, give these numbers, 37' 79, 
11' 86, and 31 37 per cent respectively Again, the last 108 differ¬ 
ences, which were all derived from the observations of one observer 
only, give 37' 56, 14' 75, and 39 27 per cent Of these 108 last 
differences, the first 50, taken from the middle epoch of all the obser¬ 
vations, give 40'*00, 14' 60, and 36 44 per cent, and the last 58 of 
the 108 give 35' 40,11' 88, and 42 03 per cent There is, however, 
a circumstance which must he taken into account in making a com¬ 
parison between the first 110 differences and mean probable errors, 
and the last 108 During the course of the observations from which 
the former were derived, it was the practice to take always 10 mea- 
sures of each star on each night when possible , during the observa¬ 
tions from which the latter were denved, 6 measures only were taken 
This would tend to make the differences less in the former case, and 
with respect to its effect on the probable errors, if wo put F for the 
error of a single measure m each case, the probable errors m the 
former case should bo less by a quantity =s0 0768 x F, for if we 
put C for the constant and P for the probable error, then we have 

X F, wildc 6 measures are obtained, and P^Jil^VxF, 
45 V^45 

where 10 arc taken, and the difference between these values 
= 0768 F 

The facts above disclosed create the difEculties m applying the 
Calculus of Probabilities which have been before referred to. 

In the first place, the partial measures obtained on each separate 
night are generally too few in number to eliminate the effects of one¬ 
sided rhance errors 
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In the eecond place, it seems probable that some cause remains in 
action during a whole night, modifying the result, whose ongin and 
law remain to be disco\ered, but which seems tolerably constant m 
its operation. 

The observations of my Catalogue of double stars are drawing to a 
close, and it became extremely desirable that if there were any fault 
in the reductions or method of computing hitherto employed it 
should be speedily remedied, and the necessary corrections made, 1 
therefore applied to the Astronomer Royal, stating the embarrass¬ 
ments arising from the above-meutioued causes, and requesting his 
opinion as to the best mode of proceeding The Astronomer Royal 
exhibited on this, aa on all other occasions, where his aid has been 
solicited, the greatest readmess to give me the benefit of his extensive 
knowledge of all that appertains to Astronomical science 

Mr Airy observed that if there were n constant cause of error on 
any night, no multiplication of observations on that night would tend 
to remove it, and in that case he knew of no mode of proceeding 
which would quite meet the difficulty but the adoption of the follow¬ 
ing formulec 

Assuming that all the observations are equally good, or can be 
made so by grouping discordant measures, let/be the probable error 
of a single observation, and e the probable value of the error of each 
night Let S„ &c. represent the sums of the squares of the 

errors obtained m the usual manner from the observations on the 
first, second, third, &c nights respectively, and put n^, Ac for 
the number of observations obtained on each of those nights , then 
the observations of the fiist night give, 

(«-!)/»= 4549x8,, 

those of the second, 

4549x8,, 

and so on and from the sum of all these equations / may be accu¬ 
rately determined 

Then to find c, compare the mean result obtained from the obser¬ 
vations on all the nights, i c the mean of all the means, with the 
separate means for separate evenings, then putting 8 for the sum of 

l2 
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the squurea of the errora found bv such companson, and m for the 
whole number of nights, we have 

(m-l)e"« 4549 xS, 

which gives the value of e 

If A be taken to represent any convenient constant, the combining 

weight for each of the first night’s observations will be for 

n,e +/ 

A 

each of the second night’s > , and so on 

Let P stand for the probable error ol the hnal result, then 

1 

The probable error o( the mean of the fiist night’s obserrationa 
***** second&c 

Mr Airy, howevc r, while remarking that the mode of proceeding 
above desenbed is the only one which really meets the difficulties of 
the case, admits at tlie same time that it would not be expedient to 
use so elaborate a process in dealing with observations like those m 
question, ui which the ordinary errors of observation are large in 
amount, and m which- such extreme accuraqr in the results is not 
obtainable as in some other cases to whith the principles of the 
Calculus are applicable 

He auggests therefore that all the ohservaUons of all the several 
nights should be combined together for the purpose of ohtatmngthe 
probable error and weight of the final result, and thia may be done 
in two different ways —First, by treating all the smgle measares of 
all the nights, as if they had been made on one and the m m* night, 
and obtoinmg the final result and its probable error and weight ac¬ 
cordingly in the usual manner Secondly, by treating eacli group or 
8(t of 6 or 10 as a single observation 

Tiie only other method of proceeding is that above diwe nbed as the 
correct one, but which has not been adopted, os being too cumbrous 
for the occasion. Tins will be designated os the Third Meshed 

Fur the purpose of ascertaining the result of employing each of 
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these three methods, 1 requested my assistant, Mr Morton, to ob¬ 
serve three stars, selected from among those which present only 
average difficulties, a very great number of times, so that the measures 
should be sufficiently numerous to eliminate all one-sided errors 
The observations of Position only have been used, but these have 
been dealt with in the three different methods above desenbed, that 
is, the final result and its probable error and weight have been ob¬ 
tained by each of the three modes The results are here subjoined, 
and the errors and their squares are given in full as to two of the 
stars, together with the whole computation, and it is to be hoped 
that this may not only prove interesting to observers of double stars, 
but may throw some light on the curious mathematical question in¬ 
volved in the inquiry which is the subject of the above remarks 
Among the stars selected as above mentioned for the trial of the 
three methods, was 2 Comse Berenices, or £ 1590 Now this star 
had been very frequently observed during the six years from 1343 to 
1848, at the time of the Parallax investigation, to which reference 
has been already made The coxnparuon then made between the 
mean of all the measures of position obiamed and the value of the 
angle of position given by Struve, gave reason to believe either that 
the angle had not altered during a period of sixteen years, or at least 
that it had altered very httle The observations of 1859 fully con¬ 
firmed this opmion Rejecting from the observations of 1843*8 those 
made on two mghts, when less than 6 measures were obtamed, the 
result of 1859 differs only 8* from that of 1843-8 1 was thus 

enabled, for the purposes of this inquiry, to treat these observations 
of 1843-8, 15b m number, as if they had all been made within an 
interval of time not greater than about two montlis. Now these 
observations had been made by three different observers, and while 
the results of separate nights were very discordant, the probable 
errors denved firom the partial values of nights, the results of which 
differed greatly from the general mean, were as remarkably small, 
on the other hand, the observations of the same star m 1859,215 in 
number, were by one observer only, and the results of different nights 
agree veiy closely The applications of the three methods to the 
early and late observations of this star therefore illustrate very 
stnkingly the effect produced by discordancy m the values obtained 
on different nights, when the pecuhanties of the object observed 
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are eliminated. Thus the good obBenrations of 1859 give the e* 
equal to 89' only» while m those of 1843-8 the attains the great 
value of 8731'. 

The values of/” given by the observations of the three stars accord 
very wdl> considering the different circumstances under which they 
were obtained. It will be seen also that little effect is produced on 
the mean result by using these different methods of reduction 

In the account of the American Coast Survey oi 1856^ and at 
pages 307-8, will be found a formula by whicli the probable error is 
deduced from the differences from the mean alone, the probable error 

or P=0 845347 • where e represents the error of a single 

observation 

1 liave tested this in the case of three stars in which n was equal to 
5, 10, and 156, respectively, and tlu probable error deduced was a 
little greater in the first two cases, and a very little smaller m the last. 
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Computation of P by Method 1 foi 2 1 "iQb, 2 Com Ber 


Epoch 

Sum of 
Vteasurea 

No of 
Mcaa. 

1859 238 

0 * 

22 29 

\ 

\ 

10 

241 

9 53 

6 

*44 

1143 

10 

*44 

*5 44 

10 

*44 

17 *5 

10 

•244 

20 10 

10 

*260 

13 31 

10 

260 

13 42 

10 

260 

14 27 

10 

260 

26 1 

10 

260 

20 48 

10 

263 

13 28 

9 

288 

16 45 

10 


22 14 

to 

290 

>5 >5 

10 

*93 

1 >1 40 

10 

293I 18 4 

10 

*93 

21 49 

10 1 

296 

12 1 

10 

296 

16 26 

1 >0 

296 

1410 

10 

296 

21 35 10 

»*)i 547 

3*9 So'i-i'S 

1859 27c 

« 1 491 
,+ 30 o| 

Zerc 

1 

0 *9 


418 3 ' 
30 

an Mean 
Position 

t 


Enron 


Elton 


Brron 

36 

1296 

82 

6724 

3 * 

75 

5625 

26 

676 

40 

39 

1521 

U 5 

132*5 

21 

4 * 

1764 

59 

3481 

1 * 

46 

2116 

<5 

225 

63 

8 

64 

*9 

361 

*3 

4 * 

1764 

11 

*44 

6 

9 

81 

29 

841 

29 

76 

5776 

167 

27889 

61 

4 * 

1764 

34 

1156 

83 

S« 

3364 

33 

1089 

14 

*3 

5 *?l 

53 

2809 

33 

54 

2916 

68 

4624 

14 

35 

1225 

94 

8836 

V 

12 1 

144 ! 

68 

4624 

71 

1 5 , 

* 5 { 

25 

625 

88 

i t 5 > 

228011 

35 1 

1125 

102 

89 1 

7921 

3 

9 

69 

61 . 

37 *> 

>3 

169 

63 

3 * 

T 014 

13 

169 

21 

47 

2209 

78 

6084 

40 

34 

1156 ' 

13 

169 

*9 

47 

2209 

3 ? 

’Pi 

5 

67 

4489 

126 

15876 

17 

84 

7056 

78 

6084 

10 

5 

*5 

58 

3364 

3 * 

>9 

361 

79 

6*41 

Z 02 

3 

9 

64 

4096 


49 

2401 

too 

10000 

48 

83 

6889 

37 

1369 

5 

4 * 

i 6 gi 

35 

iPi 

*34 

117 

13689 

94 

8836 

I 

5 


39 

1 > 5 *> 

14 

35 

1225 

34 

1 >>56 

21 

0 


*5 

1 625 

54 

68 

46 *^ 

85 

7225 

35 

56 

>4 

313 S 

196 

26 

12769 

676 

86 

61 

37 *' 

48 

*304 


109 

>1881 

*05 

11025 

65 

128 

16384 

20 

400 

45 

3 * 

1014 

89 

79 »> 

5 * 

181 

3*761 

54 

) 2916 


I 

1 

111 

14641 

1 28 

12 

*44 

44 

193 « 

^ 85 

16 

59*9 

256 

f 131 

31 

17161 

961 


94 

883 c 

» 87 

7565 

» 17 

10 

100 

► 73 

53*5 

1 0 

H 9 

22201 

74 

547 * 

* 94 

76 

577 ^ 

; |8 

336 ^ 

34 

68 

9 * 

*3 

ts 

5*9 

• 93 

47 «i 

ii.*; 

47 

*5 

*3 

50 

250 c 

■ 35 

l 2 Zj 

30 


141931 


26674 c 



1024 ^ 


53 


1600 I 137 


'1 441 

»304 

3969 

529 

36 

8411 
37 * >I 

6889 

S 96 

1089 

196 

961 

5041 

7744 

10404 

4761 

3969 

44 * 

1600 

•j; 

289 

100 

1024 

10404 

*304 

4304 


1795 ?) 

I, 

196 

1125 

729 

7396 

2916 

4**5 

2025 

2704 

961 

784 

7225 

1156 

9604 

2S9 

o 

8836 

1156 

2209 

61 s 

5*9 

900 


22 

18 

*9 

20 

2 

65 

58 

3 
20 

9 
33 
86 

79 

33 

joo 

104 

35 

60 

10 

% 

61 

57 

j 17 

58 

7 
*7 
20 

95 

*3 

74 

*34 

Vi 

*4 

5 > 

27 

127 

8 

16 

109 

204 

149 

103 

>45 


1510761 S«f*» 


2809 

18769 

484 

36 * 

400I 

4I 

4**51 

33601 

9 | 

4001 

V' 

10891 

7 J 9 *| 

6241 

1089 

10000 

10816 

1225 

3600 

100 

64, 

37 *ii 

3*49l 

289 I 

33*4 

A 

400 

90*5 

5*9 

547 «I 

■5ji; 

3721 

576 

2601 

719 

16129 

64 

8464 

3*38 

256 

11881 

41616 

22201 

10609 

21025 


27689 

1520761 

266740 

24195 a 


9376591 
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Method ] 


hog of 957659*5 9710449 
Conitant *69950980 


p!>M9'i7i *09671419 

p -a'045 *-04835715 


W— 1079 


hog of 115 33H3*5 

l^og ofii4 *13304138 


46618513 


W 45493^^**6579503 

46618513 


Constant 6 99 50980 


Method 2 


Mean Position=138 30' 


BiTors 


Erron 


16 

676 

1 *2 

361 

10 

11 

100 

44 * 

1 8 
»5 

6 * 5 , 

*5 

115 

*7 

I89I 

4 

16 

39 

15111 

11 

144 

1 

1 

>8 

7*4 

11 

4»4 

17 

719 

37 

1369 

11 

484 

10 

100 

47 

1109 

3 * 

*444 

16 

156 

11 

44 * 


6064 


11783 


1 og of 11763 =4 10595 

»=ri2y Constant=i4 99331 

I 099i 6=:=X of 
o 54963=X of P 


pi= 11' 568 

L~ 

W= *0796 


Method 3 


15063=81 
25*3=S, 

118106=83 
141611=^4 
14011=83 
48149=83 
34511 * 8 , 
85199 * 8 , 
145830=: 8, 

910174 


9/«*C8, 

S/**C8, 

J9^=CS, 

39/*=CS3 

9/*=CSy 

»9/s^cs; 

J 9 /*-CS 3 

io6/*=Cx(S,-fS,+ &c) 


hog* of 910174 =^9639171 

hog of C= 4549 ^16579503 

5*6118675 
=1 3138671 


hog of 106 

/*wi03i'4 


3 3080003 
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Method 3 (con^tiiui!rd[) 


*i"3» 15 

6i-6-a6&(6,-6)*-676 

4,= Ji 39 

63-6—10 100 

*i=3> S3 

63—6— 4 16 

*4=3> 46 

64-6- 3 9 

6,=3i 30 

65—6-19 361 

*6=3' 57 

64-6- 8 64 

6^=31 3a 

bf — b’Bijj X89 

*6=3' 43 

63—6'» 6 e 3® 

*6=3' S» 

63—6- 3 9 

* =3' 49 

£-1560 

See Method 1 


Log of 

1560 «JI93*»46 

Constant hog — j 6579503 


*8510749 

Log of 81 — 09030900 

e*-*88' 

71 o> 9479*49 


{ (10 >f88 7+1032)’^ (i 


lojfii 7 +»o3*^'^Ux 88 7+io3»)’^(40X88 7+»03», 


40 


i) 


(50 X 88 74-»03a)‘^ (9 X 88 7+wia) (20 X 88 7+»oji) 




10X88 7 +»o 3 »- 

10X887*- 887 

-|- aoji X io*« 1 

0919 &X -3 465^3 

lit W s; oo34»6 


) {30 X (40 >r88T+»03z) } 


50X887- 4435 

-|-ao3a X 50—1 69897 

6467 & X —3*81070 


3 53477 I 4tl»W - •00773X 


*3888x7 


6X887 = 531» 

+ 103X X 6—0 77815 

1564 X &X 5=3*40895 

xnd W — 00x340 *^3 369x0 


40 XM 7 - JS 4 « . , , 

+t03x X 40— 1*60x06 


3TdW 


5580 6c X -3*74663 
007169 -395543 


9X887- 79*3 

+X03X* X 9-0954*4 

X830 36k X -345184 


5th W - *003180 


-350x40 


X0X887- >774 ^ 

-f>xo3x X xo—1*30103 

3806 & X — 3 58047 

6ih W - <>05x55 -77x056 
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7th W ■■ 003416 


9th W 007169 


Method 3 (con^tni^ed^ 


30x887“ 1661 

+1031 X 3o« 147711 


4693 &x *367*45 


8th W “ 006393 «3 80567 


lit «k>oo34i6 
indK*ooi34o 
3rd“ 007169 
4th =* 007731 
5th “ 003180 
6th **005155 
7th * 003416 
8th « 006393 
9th “ 007169 


W as 046090 


X of 1 “O 
X of 04609*1 66361 


I 33639“X of P“ 
o 66810 *X of P 


pa- 
V = 
Wa 


'll 70 

4'658 

0461 


«i “75 

W,= 3+ 

75 

39 

3 *“+ 

53 

46 

30 

57 

Oa *39 

W,= »3 

34 

»3 

71 

77 

3 * 

53 

Bj “53 

W,= 71 

' 

■■ 

106 


60 


0 ^m 46 

W 4 = 77 

300 

ri7 

3 ** 

* 7 * 

04*30 

W,= 31 

i »5 

78 

371 

311 

90 

185 

<* 6*57 

SJ 


897 

3816 


96a 

—■ 

0; i*- 31 


1550 

354 * 

3011 

« 8=43 

W,= 64 



—- 

— 

— 

— 

08*51 

W,= 71 

461 

31 

34 

118 

96 

1088 

1 

171 

158 

1751 

5a 

7 * 

104 

364 

3744 





MetnreiuU* 31 49 
Zero "= 450 *9 

Mem Angle *=»j8 30 


1550 

897 

3816 


354* 

960 

3011 

1088 

1751 

3744 


461)11370(48 s 
1844 


3930 

3688 


1410 

1305 
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2 .3049, <t CaBUopece Computation of P Method 1 


Epoch 

Sum 

No of 
Mens 

1858 572 

r / 

3 * +* 

6 

71* 

3 » 54 

6 

8*1 

64 »7 

10 

857 

6413 

xo 

857 

60 15 

to 

876 

S6 9 

TO 

876 

SO 43 

10 

876 

63 0 

10 

887 

S 3 33 

10 

887 

S3 0 

10 

890 

56 581 

10 

890 

63 1 

' 10 

1 

11)10 001 

651 12 

|— 112 

1858 833 

5 49 
4*110 0 


Zero 

**5 49 I 1 

*450 15, 


3 * 4 ^ 26'' 1 

1 

*Moaii 


1 

l^osition 



Errors 


Errors 

«• 

Errors 


132 

I 74 H 

*45 

21025 

*4 

196 

18 

324 


961 

*59 

25281 

35 

1*25 

16 

256 

10 

xoo 

30 

900 

9 

81 

1 

I 

66 

4356 

II 

121 

77 

59»9 

47 

2209 

2* 

484 

21 

44 * 

*1 

441 

38 

>444 

31 

1024 

77 

5929 

56 

3136 

41 

1681 

163 

26569 

18 

784 

*43 

20449 

89 

7921 

17 

289 

33 

1089 

35 

12^ 

55 

3025 

5 


*7 

289 

45 

20*5 

42 

1764 

7 

49 

39 

1521 

84 

7056 

21 

441 

16 

676 

*5 

7125 

* 7 * 

*9141 

97 

9409 

89 

7921 

63 

3969 

*4 

576 

152 

23*04 

54 

2916 

54 

29161 

54 

1916 


3*4 

110 

144001 

**S 

13215 

201 

40401 

95 

9025 

61 

3711 

75 

5615 

103 

10609 

*53 

13409 

46 

2x16 

78 

6084 

66 

435 ^ 

97 

9409 

3 » 

1024 

67 

^89 

119 

14161 

89 

7921 

53 

1809 

64 

4096 

35 

1125 

6 

36 

56 

3*36 

49 

2401 

6x 

3711 

4 * 

i68x 

7 » 

5184 

37 

*369 

*4 I 

196 

86 

7396 

19 

361 

73 

53»9 

«5 

«s' 

30 

900 

1 *05 1 

1102 5 

36 

1296 

4 

x6 

4 * 1 

1681 

i 81 

6561 

28 

784 

3 * 1 

7024 

, 69 , 

4761 

J06 

11136 

148 ! 

“904 

5 


75 

5615 

110 

12100 

97 

9409 

XI 

111 

JOl 

10201 

1 9 

81 

I 37 

1369 

40 

1600 

46 

2x16 

ll 95 

9025 

73 

5319 

131 

1716] 

il 5 * 

2704 

103 

10609 



1 6s 

4115 





*7 

7569 





16 

156 


*67375 

1 

*55633 


-— 






107528 






*55633 





1 

267375 


i_ 

^_! 


i S«*»j 

630536 


txig of lit »i 0494180 Log of 630536=*^7997099 

l 40 g of 111 **10453*30 Constant *55634093 


40945410 


hog of 454936 *>=16579503 
4 09454*0 


- 5 5634093 


I 

o 




1191 

' 8*5596 


P3 

P 

w 


13 074 

4' 8035 

0433 


Constant 







Method 2 


3»4 47 
314 46 

313 4« 
3*3 50 

314 11 
3H 3* 
3*5 " 
3»3 57 
3*4 54 
3*4 57 
3*4 33 
3*3 57 

>*) 53 *9 


Means 324 27 


Errors I 
-i- 


20 

i 400 

*9 

1 361 

39 

I »5*> 

37 

1 1369 

16 

1 256 

11 

1 121 

44 

. 1936 

30 

900 

*7 I 

1 7*9 

30 1 

1 900 

6 

36 

30 

900 

EtfS 

-*9429 


Log of 94*9 =j 97447 

• 

Log 12 =1 07918 

Constant «3 53738 

Log II =104139 

151185 

2 12057 

0 7SS93 


1^=32' 50 

1^8 4S49*c=*’*S79S 
a 12057 

r = s' 70* 

W= 0308 

Conituit =7 53738 


a379*=®i 
39974= Sg 
80279=S| 

114116=84 

113454=85 

1*3083=85 

8x960=8; 


Method 3 


s/®=ts, 

5^ = CSg 
9/>=CS, 
i9/“=cs; 
29 /**=C 85 

,9/*=tSg 

I9/»=CS; 


576658 io5/*=Cx(S,4-S,+&c) 


Log of 57fi®5* “{^7609183 

Log of 4549 &c =1 6579503 

5 4x88686 
«>i 0x1x893 


Log of X05 

y*-*49«'s 


3 397®793 
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Method 3 (eonhnued). 


C i 

£1 = 115 18 
£3^ 115 19 
£^t> 116 17 
£^=126 14 
£f ■> 125 40 

£fl™ia5 lo 

£^aL|l6 o 


£ = 125 49 
Sec Method 1 


£i-£» 21 & (£i-£)>= 441 


2^2 —A » 20 

* 4-*=»5 

9 

*,- 4=»9 

£7—£=s» II 


400 

1444 

625 

81 

S41 

111 


^**3953 


Log of 3955 -3 5969268 
I og of 4549 Ac --1 6579503 

31548771 

log of —I s=a 7781 513 
299'73 r2 4’»67a58 


Vf( 

H 

H 


6X199 73+* 4 V* S 


5)■*‘{6X199 73 +* 49 * s)^(««>X *99 f 3 +* 49 * s) 


)'*’(3o>< 


30 
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November 17, 1859 

Sn BENJAMIN C BRODIB, Bart, President, iu tbe Chan 

In accordance with the Statutes, the President gave notice of tlie 
\ nauing Anniversary Meeting for the election of Oouneil and Offit ers 

Captain Douglas Galton, John Denis Macdonald, Esq , George 
Murray Humphry, Esq , and William Odlmg, Esq , uere admitted 
into the Society 

Mr V O Bahington, Sir Henry Holland, Mr Thomaa Webster, 
the Rev R Willis, and Col Yorke, having been nominated by tbe 
President, were elected Auditors of tbe Treasurtr’s Accounts on the 
part of the Societv 

The follovvmg commnmcatiuiis were read — 

I On the fiequeiit otcuiunci ol Vigetable PamsiUs in the 
Hard Stiueturcs of Auiitials ” By Professoi A Ki>i n m u, 
of Wurzburg (See p 95 ) 

II " Rescarehes on the Phosphoi us Base s ” — No VI Phos|)h- 
ainmoniuin-Conipounds ” By \ W Hofm vw, LL 1), 
FRS (Seep 100) 

III ''Notes of ReaearcluH on tht Poly-Ammonias—No V^I 
New Deiuatives ol Pbenylaimnc and Ethyhimine By 
A AV. Hofmann, F.R S (See p 101) 

IV. "On the Behaviour of the Aldehydes with AcidsBy 
A Geittheu, Eaq , and R. Cartmell, Esq (For Abstract, 
see p. 108) 

V. "On the Action of Acids on Glycol” (Second Notice) By 

Ur Maxwell Simpson (Seep 114 ) 

VI "Expenments on some of the Various Circumstances m- 
fluenemg Cutaneooa Absorption ” By Augustus Waller, 
M D, F R S. (See p. 122) 

^Oh X w 



148 


VII On the Application of the Calculus of Probabilities to 
the results of measures of the Position and Distance of 
Double Stars” By The Lord Wrottebley, VPRS 
(See p 133 ) 

VIII Report of Scientific Researches made during the late 
Arctic Voyage of the Yacht' Pox/ m search of the Frank* 
lin Expedition ” By Captain M‘Clintock^ R.N* Com* 
municated by General Sabine, R A , Treas & V.P R S 
Received September 23, 1859 

Sir, — 1 have the honour to acquaint you for the information of 
the President and Council of the Royal Society, that my voyage has 
happily terminated, and that our exertions have met with as great a 
measure of success as the most saugmne amongst us could expect 
But as the general result of I^dy Franklin's ** Final Search '* will 
doubtless be made public before this letter reaches you, my object is 
simply to acquaint you with the nature and extent of such observe* 
tions of scientific interest as we have been enabled to make 

My last communication, dated 5th May, 1858, informed you of 
the unfortunate circumstances which led to our first Arctic winter 
being spent in an loe-dnft out of Baffin’s Bay Dunng the wmter 
of 1858-59 we were frozen up in a secure anchorage in Brentford 
Bay, which I have named ” Port Kennedyit is in Latitude 72® 
01' N and Longitude 94® 15' W. 

Here a magnetic observatory was built, the instraments supplied 
to us set up, and hourly observations continued dunng the mterval 
between autumn and spring travelhng Fortunately I was able to 
carry with me a9j-inch dip-circle upon my journey to the Great Fish 
Biver this spring, and embraced every opportunity of making ob- 
•ervatioiis with it, many of them in the immediate vicinity of the 
point of maximum mclination Indeed it gives me much satisfaction 
to state that I beheve our entire senes of magnetical observations 
will be found complete —in as far as we were provided with the 
necessary instraments and favoured with the opportunities of usmg 
them. 

Meteorological records have been carefully kept throughout the 
▼oyage, and the "Weather Books” supplied by Admiral FitzRoy 



filled up, alBOf compansons of temperatures shown by a black-bulb 
thermonieter in the sun’s rays, and by others suspended against black 
and white surfaces, with those of a thermometer m the shade, were 
frequently made during two years. 

Dr Joseph Hooker having suggested that some obser\ations should 
be made on the temperature of the soil at different depths, such were 
registered at short intervals throughout the winter and spring of 
IttfiS-OO 

Observations upon the amount of ozone present m the atmosphere 
were made during the winter and spring of 1857-58, and also for 
eleven months at Port Kenned}, 18'>8-59 
Whenever opportunity olTered, the polanscope, supplied at the 
instance of Professor Stokes, was applied to halos, &c , and the amount 
and plane ot polarization noticed 

The direction of tlie Aurora and its influence on an electroscope, 
together with the periods of maximum and mimmum intensity of 
atmosphenc electricity, were observed 
The penods of maximum and minimum barometric pressure were 
recorded, as deduced from hourly and two-hourly observations 
A senes of experiments was made on the change produced in sea¬ 
water by congelation at different tenifieratures 

Deep-sea temperatures and specific gravities were taken when 
opportunity offered, also of the surface of the sea constantly 
The great comet was seen at Port Kennedy, and a few angular 
measurements taken for dctenninmg its change of position, at in¬ 
tervals between 13th September and 8th October 
Selections of native plants, from Port Kennedy and firom Disco, 
have been brought home in Wardian cases, for the Royal Botanic 
Gardens at Kew Considerable collections have also been made m 
the vanouB branches of Natural History, and Geological specimens 
firom the lands visited have been brought home for scientific friends 
of the Expedition, who will speedily make public any interesting 
results. for these collections, and also for many of the observations 
made during the voyage, I am chiefiy indebted to the Surgeon, Dand 
Walker, M.D. 

4 senes of Tidal observationB was taken at Port Kennedy, these 
w&I be diBcussed by the Rev. Professor Haoghton, of Trinity 

College, Dublm. 

ui 
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Out geographical discoTcries amount to nearly 800 miles of coast¬ 
line , they arc interesting not only in oonse(|Ucncc of their extent 
and the important position they occupy, but also from the great 
difficulty of access, whether by sea or land, to this newly explored 
area* With the exception of a comparativcl> small and unimport¬ 
ant part of the shore of Victonn Land, the whole of the coasts of 
Arctic America arc now accurately delineated. 

My sledge journey to the Magnetic Pole in February completed 
the discovery of the coaefliiie of I he American Continent The in¬ 
sularity of Pnnee of WalcM Land was ascertained, and the discovery 
of its coastline completed, hy a sledge party under the direction 
of the Sailing-master, Captain Allen Young, as also the west coast of 
North Somerset between Bellot Strait and Four River Bay Lieute¬ 
nant Hobson, R N and his sJedgo party completed the iliscovery of 
the west coast of King William’s Island, picking up the Franklin 
records, whilst with mv own I explored its eastern and southern 
shores, returning northward by its west shore from the Great Fish 
River 

Repeated attempts were made last year before the close of the 
navigable season, to reach open water visible in the broad channel 
westward of North Somerset, but a narrow barrier of ice across the 
western outlet of Bellot Strait, and there hemmed iii so firmly by 
numerous islets as to continue unbroken throughout the autumn gales, 
foiled my sanguine hope of carrying th« ‘ Fox,' according to my 
onginal plan, southward to the Great Fish River, passing east of 
King William's Island and from thence to some wiutenng position 
upon Victoria Land From a very careful scrutiny of the icc during 
my journeys over it in February, March, April, May, and June, it 
was evident that in this western sea it was all broken up, whilst east¬ 
ward and southward of King William’s Island there was hardly auy 
ice last autumn, and therefore in all probability we saw, in that 
barrier of ice some three or four miles wide, the only obstruction to 
our complete success 

The wide channel between Pnnee of Wales Land and Victoria 
Land, upon which I have conferred the name of Lady Franklin, 
admits a vast and continuous stream of very heavy ocean-formed ice 
from the north-west, which presses upon the western face of King 
William's Island and chokes up Victoria Strait. 
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I cannot divest myself of the behef that had Sir John Franklin 
been aware of the existence of a channel eastward of King Wilham's 
Land (so named until 1854), and sheltered from this impenetrable 
ice-stream, his ships would safely and speedily have passed through it 
in 1846, and from thence with comparative ease to Bchnug Strait 
Having enumerated the different subjects which have engaged the 
attention of the officers and myself and have employed much of our 
time. It only remams for me to express a hope that these will be 
found to be in some measure a justification of any moderate expecta- 
tions which the President and Council of the Royal Society may have 
funned at the time of my departure from England in 1857, or at 
least to afford proof that my desiri to be rendered useful in the ad¬ 
vancement of science has in no degree abated since then 

I am, Sir, your obedient Servant, 

F L M^Clintock, 

Ta the Set retary of the Hoy at 5>onefy Captain R N 


Novcrabci 24, 1860 


Majoi-General SA13IN E, R A , Titasun'r and V F, m the 

Chair 


In accordance with the Statutes, iiotuc vias given from the Chair 
of the cnsuiug Anniversary Meeting, and the list of Officers and 
Council proposed for election was read as follows — 


President —Sir Renjumm Collins Brodie, Bart, D C L 
TVeasterei.—Major-General Edward Sabine, ILA , D C L 
J ’William Sharpey, M J) 

Secrctanee — ^ Esq , M A , D C L 

Foreiyn Secretary —William Hallows Miller, Esq , M A 


Other Members of the Council —C CarduleBabmgtou.Esq ,M.A , 
Bear*Admiral Sir George Back, D C L , Rev John Barlow, M A , 
Thomas Bell, Esq , Arthur Cayley, Esq , William Farr, M,D, 
D C.L, Sir n Holland, Bart, M D, D C L , Thomas Henry 
Huxley, Esq , Sir Rodcnck I Murchison, M A , D.C L., Thomas 
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Webster, Esq», M A ; Ke^. William Whewell, D D , Alei. William 
WiHiamson, Ph D , Rer Robert Willis, M A , Sir Wilham Page 
Wood, D C.L , The Lord Wrottesley, M A , Colonel Philip Yorke 

Thomas Watson, M D , Frederick Grace Calvert, Esq , John Penn, 
Eaq , and Lieut.-Col William Yolland, 11 E , were admitted into the 
Society 

The following communications were read — 

I. " On Recent Thrones and Experiments regarding Ice at or 
near its Melting-pomt/’ By Piofessor James Thomson, 
Queen^s College, Belfast Communicated by Professor 
William Thomson, F.B S Received September 9, 1859 

My object in the following paper is to discuss bnefly the beanugs 
of some of the leading tliconcs of the plasticity and other properties 
of ice at or near its melting-point, on speculations on the same sub¬ 
ject advanced by myself*, and, especially, to offer au explanation of an 
experiment made by Professor James D Forbes, which to him and 
others has seemed to militate against the theory proposed b) me, but 
which, in reality, I believe to be tn perfect accordance with that theory 

In the year 1850, Mr Faraday f invited attention, m a scientific 
pomt of view, to the fact that two pieces of nioibt ice, when placed in 
contact, will unite together, even when the surrounding temperature 
18 such as to keep them in a thawing state He attributed this pheno¬ 
menon to a property which he supposed ice to possess, of tending to 
solidify water in contact with it, and of tending more strongly to so¬ 
lidify a film or a particle of water when the water Los ice m contact 
with it on both sides than when it has ice on only one side 

In January 1857, Dr Tyndall, m a paper (by himself and Mr, 
Huxley) read before the Royal Society and m a lecture delivered 
at the Royal Institution, adopted this fact os the basis of a theory 
by which he proposed to explain the viscosity or plasticity of ice, 
or its capability of undergomg change of form, which was pre- 

* PiDceedlngi of Royal Society, May 1857 Also British AsBodation Proceed- 
logs, Dublin Meeting, 1857 Also Proceedings of Belfut Literary and PbUoso* 
pbical Society, December 2,1657 

t Lecture by Mr Faradav at the Royal Institution, June 7 , 1850 { and Report 
of that Lecture, Atbenvom, 1850 , p 640 . 
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TiouBly known to be the quality in glaciera in virtue of which their 
motion down their valleys is produced by gravitation Designating 
Mr. Faraday’s fact under the term “ regelation,” Dr Tyndall de¬ 
scribed the capability of glacier ice to undergo changes of form, as 
being nut true vucosity, but as being the result of vast numbers of 
successively occurring minute fractures, changes of position of the 
fractured parts, and regelations of those parts in their new positions 
The terms/roc/ure and regelaUon then came to be the brief expres¬ 
sion of his idea of the plasticity of ice He appears to have been led 
to deny the applicability of the term viscositv thiough the idea that 
the motion occurs by starts due to the sudden iractures of parU tn 
ihentaelvet not vtacous or pfaaitt The crackling, he pointed out 
might, according to circumstances, be made up of separate starts 
distinctly sensible to the ear and to the touch, or might be so shght 
and so rapidly repeated as to melt almost into a musical tone He 
referred to slight irregular i ariatioiis in the bending motion of the 
line marked by a row of pins on a glacier by Prof Forbes, as being 
an indication of the absence of any quality that could properly be 
called viscosity, and of the occurrence of succi ssive fractures and 
sudden motions in a material not tiuly viscous or plastic I can only 
understand his statements on this subject by supposing that he con¬ 
ceived the material between tlie cracks to be rigid, or permanent m 
form, when existing under strains withm the limit of its strength, or 
when strained less than to the point of fracture 

This theory appeared to me to be wrong* , and 1 then published, 

* While the ofTeriiig of ray owu theory as a subititute for Professor Tyndall's 
views seems the best argument 1 can adduce against them, still I would point to 
one special objection to his theory No matter how fragile, and no matter bow much 
fractured a material may be, yet if its separate fractured parts be not possessed of 
eome property of internal mobility, I cannot sec how a succession of fractures Is 
to be perpetuated. A heap of sand or broken gloss will either continue standing, 
or will go down with sudden falls or slips, after which a position of repose will be 
attained, and 1 cannot see how the addition of a principle of reunion could tend 
to reiterate the fractures after such position of repose bos been attained When 
these ideas are considered m connexion with the fact that while ice is capable of 
itandiug, without immediate fall, as the side of a precipitous crevasse, or of lying 
without instantaneous slipping on a steeply sloping part of a voile), it can also 
glide along, with lU surface nearly level, or very slightly inclined, I think the 
improbability of the motion arising from a succes^on of fractures of a substance 
having Its separate parts devoid of internal mobility will become very apparent 
If, on the other hand, any quality of internal mobility be allowed in the fragments 
betvreen the cracks, a eertain degree at least of plasticity or viscosity is atsumtd, 
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in a paper communicated to t}ie Iloyal Society, a tlieory winch had 
occurred to me mainly in or about the year 1848, or perhaps 1850, 
but which, up till the date of the paper referred to, had only been 
described to a few friends verbally That theory of mine may be 
sketched in outlme as follows —If to a mass of ice at its melting- 
point, pressures tending to change its form be applied, there will be 
a continual succession of pressures applied to particular parts— 
liquefaction occurring in those parts through the lowering of the 
melting-point by pressure—evolution of the cold by which the so 
melted portions had been held in the frozen state—dispersion of the 
water so produced in such directions as will afford relief to the 
pressure—and recoiigelatioii, by the cold previously evolved, of the 
water on its being relieved from this pressure and the cycle of 
operations will then liegin ogam, for the parts re-congealed, after 
having been melted, must in tbeir turn, through the yielding of other 
parts, receive pressures from the applied forces, thereby t-o be again 
liquefied and to proceed through successive ojierations as before 
Professor Tyndall, m papers and lectures subsequent to the publi¬ 
cation of this theory, appears to adopt it to some extent, and to endea¬ 
vour to make its principles cooperate with the views he had previously 
founded on Mr Faraday’s fact of so called ** rcgelation 

Professor James D Forbes adopts Persorrs view, that the dissolu¬ 
tion of ICO IS a gradualy not a mdden process, and so far resembles 
the tardy liquefaction of fatty bodies or of the metals, which in 
melting pass through intermediate stages of softness or viscosity He 
thinks that ice must essentially be colder than water m contact with 

m order to explain the observed plasticity or viscosity That fractures—both 
large and exceedingly small-^both large at rare intervals, and small, momentarily 
repeated—do, under various circutuntantes, arise in the plastic yielding of masses 
of ioo. Is, of course, an undoubted fact but it is one wbitb I regard not as the 
cause, but as a consequence, of the plastic yicbling of the mass m the manner 
supposed in my own theory It yields by Us plasticity In some parts until other 
parts are overstrained and snap asunder, or p« ihaps also sometimes slide sudden!) 
past one another 

* I suppose the term regelotion has been given by Prof Tyndall as denoting the 
second, or mending stage in his theory of ^*fhkctv.re and regdaiton " Congela¬ 
tion would seem to me the more proper word to use after fracture, as regelaHm 
implies previous melting If my theory of mdUng itg /iressure asndfrwding ogtm 
on reae^i/pressiire be admitted, then the term regelation will come to be quite 
suiUhle for a part of the process of the union of the two pieces of ice, though not 
for the whole, which then ought to be designated ns the process of mdtkng and 

TfgflttU&n 
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it, that between the ice and the water there ib a film varying in 
local temperature from aide to aide, which may be called plastic icc, 
or viscid water, and that through this film heat must be constantly 
passing from the water to the ice, and the ice must be wasting away, 
though the water be what is called tce-cold 
There is a manifest difficulty in conceiving the possibility of the 
state of thmgs here described and 1 cannot help thinking that 
Professor Forbes has been lumself in some degree sensible of the 
difficulty , for in a note of later date by a few mouths than the paper 
itself, he amends the eN{)resBtoii of his idea by a statement to the 
effect that if a small quantity of water be enclosed in a cavity in ice. 
It will undergo a gradual “ rtgtlaixon , *' that is, that the ice will in 
this case be gradually increased instead of wasted In reference to 
the first case, I would ask,—What becomes of the cold of the icc, 
supposing there to be no coinmiuucatum with external objects by 
which heat might be added to or taken from the water and ice 
jointly considered ? Dots it go into the water mid produce viscidity 
beyond the hunt of the assniiied thin him of viscid water at the sur¬ 
face of the ice"^ Precisely a corresjionding (piestioii may be put re¬ 
latively to the second case—that of the large quantity of ice enclosing 
a small quantity of water iii which t])c reverse process is assumed to 
occur Next, let an intermediate case be considered—that of a me¬ 
dium quantity of water in contact with a medium (piantity of ice, and 
in which 110 heat, nor cold, practically sptaking, is coinmumcated to 
the water or the icc from surrounding objects This, it is to be ob¬ 
served, is no mere thtorctical case, but a ]>erfectly feasible one The 
result, evidently, if the previously described theories be correct, ought 
to be that the mixture of ice and water ought to pass into the stale 
of uniform viscidity Prof Forbes’s own words distinctly deny the 
permanence of the water and ice in contact in tiieir two separate 
states, for he says, bodies of different temperatures cannot coutinuo 
so without luteraction The water muni gi\e off heal to the ice, but 
it spends it m an insignificant thaw at the surface, which therefore 
waetee even though the water be what ts called tve-rold ** Now the 
conclusion arrived it, namely, that a quantity of viscid water could be 
produced in the manner described, is, 1 am satisfied, quite contrary to 
all experirnoe No person has ever, by any peculiar application of 
heat to, or withdrawal of heal from, a quantity of water, rendered it 
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visibly and tangibly viscid We even know that water may be cooled 
much below the ordinary freezing-point and yet remam fluid 

Professor Forbes regards Mr Faraday's fact of regelation as being 
one which receives its proper explanation tlirough his theory described 
above, and» in confirmation of the supposition that ice has a tendency 
to solidify a film of water in contact with it, and in opposition to the 
theory given by me, that the regelation is a consequence of the low- 
enng of the melting-pomt m parts pressed together, he adduces an 
experiment made by himself, which 1 admit presents a strong appear¬ 
ance of proving the influence of the icc m solidifying the water, to be 
not essentially dependent on jiressure This experiment, however, 1 
propose to discuss and explain m the concluding part of the present 
paper 

Professor Forbes accepts my theory of the plasticity of ice as being 
so far correct that it points to some of the causes which may reason¬ 
ably be considered, under peculiar circumstances, to impart to a 
glacier a portion of its plasticity In the rapid alternations of pres¬ 
sure which take place iii the moulding of ice under the Bramah's press* 
it cannot, he thinks, be doubted that the o])inions of myself and my 
brother Professor Wm Thomson are verified* 

Mr Faraday, in hss recently published ‘ Researches m Chemistry 
and Physics,' still adheres to his original mode of accounting for the 
phenomenon he had observed, and for which he now adopts the name 
** regelationor, at least, while alluding to the views of Prof 
Forbes as possibly being admissible as correct, and to the explanation 
offered by myself as being probably true in prmciple, and possibly 
having a correct bearing on the phenomena of regelation, he consi¬ 
ders that the pnnciple originally assumed by himself may after all be 
the sole cause of the effect. The pnnciple he has in view, he then 
states as being, when more distinctly expressed, the following.—** lu 
all uniform bodies possessing cohesion,« e being either m the liquid 
or the solid state, particles which are surrounded by other particles 
having the like state with themselves tend to preserve that state, even 
though subject to vanations of temperature, either of elevation or de¬ 
pression, which, if the parttcles were not so* surrounded, would cause 

* Forbes * On the Recent Progress and Present A^ct of the Theory <tfGUeisn,* 
p IS (being Introduction to a volume of Oceasional Papers on the Theory si 
Glaciers), February 18 S 9 
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them instantly to change their condition Referring to water m 
illustration, he says that it may be cooled many degrees below 32^ 
Fahr., and still retain lU liquid state, yet that if a piece of the same 
chemical substance—^ice—at a higher temperature be mtroduced, the 
cold water freezes and becomes warm lie pomts out that it is cer¬ 
tainly not the change of temperature which causes the freezing, for 
the ice introduced is warmer than the water, and he says he assumes 
that It IS the difference in tlie condition of cohesion existing on the 
different sides of the changing particles which sets them free and 
causes the change Exemphtymg, in another direction, the principle 
he IS propounding, he refers to the fact that water may be exalted to 
the temperature of 270^^ Falir , at the ordinary pressure of the atmo¬ 
sphere, and yet remain water, but that the introduction of the 
smallest particle of air or steam will cause it to explode, and at the 
same time to fall m temperature He further alludes to numerous 
other substances—such as acetic acid, sulphur, [ihosphorus, alcohol, 
sulphuric acid, ether, and camphme—^which manifest like phenomena 
at their freezing- or boiling-points, to those referred to as occumngwith 
the substance of water, ice, and steam, and he adverts to the ob¬ 
served fact that the contact of extraneous substances with the parti¬ 
cles of a fluid usually sets these particles free to change their state, in 
consequence, he says, of the cohesion between them and the fluid 
being imperfect, aud he luatances that glass wiU permit water to 
boil in contact with it at 212^ Fahr, or by preparation can be made 
so that water will remain in contact with it at 270° Fahr without 
going off into steam, also that glass can be prepared so that water 
will remam m contact with it at 22"* Fahr without solidification, 
but that on ordinary piece of glass will set the water off at once to 
freeze. 

He afterwards comes to a point in his reasoning which he admits 
may he considered as an assumption. It is that many particles in 
a given state exert a greater sum of their peculiar cohesive force 
upon a giren particle of the like substance in another state than few 
can do, and that as a consequence a water particle with ice on one 
Bide, and water on the other, is not so apt to become solid as with 
ice on both sides; also that a particle of ice at the surface of a mass 
[of use] m wateriB not so apt to remam ice as when, bemg within the 
mass there is ice on all sides, temperature remaining the same.” 



158 


This Bupposition evidently contains two very distinct hypotheses 
The former, which has to do with ice and water present together, 1 
certainly do regard as an assumption, unsupported by any of the 
phenomena which Mr Faraday has adduced The other, winch has 
to do with a particle of ice in the middle of continuous lee, and 
which assumes that it will not so readily change to water, as another 
particle of icc m contact with water, 1 think is to be accepted as pro¬ 
bably true J think tlic general bearing of all the phenomena he has 
adduced is to show that the particles of a substance when existing all 
in one state only, and m continuous contact witli one another, or in 
contact only under special circumstances with other substances, ex¬ 
perience a dtjfftcuUy of making a h^qinnmg of their change ofatate^ 
whether from liquid to solid, or from liquid to gaseous, or probably 
also from solid to liquid but 1 do not think anything has been ad¬ 
duced showing a like difficnlty as to their undergoing a change ol 
state, when the substance is present in the two states already, or 
when a beginning of the thauge has already been made 1 think 
that when water and ice arc present together, their freedom to 
change their state on the slightest addition or abstraction of heat, or 
the slightest change ol presmire, is perfect 1 therefore cannot 
admit the validity of Mr Faraday’s mode of accounting for the 
jihenoinena of regelation 

Thus the fact of regelation which Prof Tyndall has taken as the 
basis of lus theory for exjdauiing the plasticity of ice, does in my 
opinion as much require explanation as does the plasticity of ice which 
It IB applied to explain The two observed phenomena, namely the 
tendency of the separate pieces ol ice to unite when in contact, and 
the plasticity of ice, are indeed, ns 1 bclievi, cognate results of a com¬ 
mon cause They do not explain one another They lioth require 
explanation , and that explanation, I consider, is the same for both, 
and w given by the theory I have myself offered 

1 now proceed to discuss the experiment by Prof Forbes, already 
referred to as having been adduced in opposition to rny theory He 
states that mere contact without pressure is sufficient to produce the 
union of two pieces of moist ice , and *thon states, as follows, his 
experiment by which he supposes that this is proved —« Two slabs 

V ** On tome Properties oi Ice near its Melting-Point/' by Prof Forbes, Pro¬ 
ceedings Royal Soc* £din , Apnl 1858 
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of ice, having their corresponding surfaces ground tolerably flat,« ere 
suspended in an inhabited room upon a horizontal glass rod passing 
through two holes in the plates of ice, so that the plane of the plates 
was vertical Contact of the even surfaces was obtained by means oi 
two very weak pieces of watch spring In an hour and a half the 
cohesion was so complete, that, when violently broken in }>ieces, many 
portions of the plates (which had each a surface of twenty or more 
square inches) continued united In fact it appeared as complete as 
m another expenment where similar surfaces were pressed together 
by weights He concludes that the effect of pressure in assisting 
*rege]ation’ is principally or solely duo to the larger surfaces of con¬ 
tact obtained by the moulding of the surfaces to one another 

1 have myself repeated thm expenment, and have found the re¬ 
sults just described to hi fully verified It was not even necessary to 
apply the weak pieces of watch-spring, as 1 found that the {ucces of 
ice, on being merely suspended on the glass rod in contact, would 
unite themselves strongly in a lew hours Now this fact I explain by 
the capillary forces of the him of inicrposed wall r as follows —Firstly, 
the film of watti lietwceii the (wo slabs—being held up against gravity 
by the capillary tension, or contractile fnret, of its free upper surface, 
and being distended besides, against the atmospheric pressure, by the 
same contractile force of its free surface round its whole perimeter, 
excejit for a very small space at bottom, from which water tnckles 
away, or is on the point of tiickling avny—exists under a pressure 
which, though increasing from above downwards, is everywhere, ex¬ 
cept at that little space at bottom, less than the atmosphe nc [ires- 
sure Hence the two slabs are urged towards one another by the ex¬ 
cess of the external atmospheric pressure above the internal water 
pressure, and are thus pressed agaiust one another at their places of 
contact by a force quite notable in its amount It, fur instance, be^ 
tween the two slabs there he a film of water of such si/e and form as 
might he represented by a film one inch square, with its upper and 
lower edges horuontal, and with water tnekhug from its lower edge. 
It is easy to show that the slabs will he pressed together by a force 
equal to the weight of half acubic inch of water But so small a film 
as this would form itself even if the two surfaces of the ice were only 
very imperfectly fitted to one another If, again, hj better fitting, a 
film he produced of such sue and fonn as may he represented by a 
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square film with its sides 4 inches each» the slabs will be urged toge¬ 
ther by a force equal to the wcnght of half a cube of water^ of whi^ 
the side is 4 inches , that is, the weight of 32 cubic inches of water or 
1 15 pound, which is a very considerable force Secondly, the film of 
water existing, as it does, under less than atinosplienc pressure, has 
Its freczing-pomt raised m virtue of the reduced pressure, and it would 
therefore freeze even at the temperature of the surrounding ice, 
namely the freezing-point for atmospheric pressure Much more 
will it freeze in virtue of the cold given out in the melting by pressure 
of the ice at the points of contact, where, from the first two causes 
named above, the two slabs are urged against one another 

The freezing of ice to flannel or to a worsted glove on a warm 
hand is, I consider, to be attributed partly to capillary attraction 
acting in similar ways to those just described , but in many of the ob* 
served cases of this phenomenon there will also be direct pressures from 
the hand, or from the weight of the ice, or from other like causes, 
which will increase the rapidity of the moulding of the ice to the 
fibres of the wool 

IL ''Ott Spontaneous Evaporation'^ By BuNJiiMiN Gut 
Babinoton, M D , F R S &c. Received June 7, 1869. 
(For Abstract, see p 127) 

November 80, 1859 
ANNIVERSARY MEETING 

Sir BENJAMIN P BRODIE, Bart., Frendent, m the Choir 

Colonel Yorke reported, on the part of the Auditors of the Trea¬ 
surer’s Accounts, that the total receipts during the past year, in¬ 
cluding sfi3466 3s 2d. received from the Stevenson bequest^ 
amounted tosG7016 Os 5df , and the total expenditure, mcludmg 
462700 mvested m the Funds^ amounted to j£6596 Os. 5d., leaving 
a balance m the Treasurer's hands amounting to 46420. 

The thanks of the Society were voted to the Treasurer and 
Auditors. 

The Secretary read the fisllowing hats 
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Fellowi deceased amce 
Heniy Alexander, Esq 
Richard Bnght, M.D. 

Frederick William, Marquis of 
Bristol 

William John Brodenp, Esq 
Sir Arthur de Capell Brooke, Bt 
Isambard Kingdom Brunei, Esq 
Thomas Cook, Esq 
William Nairn Forbes, Esq 
Baron De Goldsmid 
Sir Thomas Grant, K C B 
Thomas Philip, Earl De Grey, 
KG 

Thos • Earl of Haddington, K P 


the last Anniversary. 

Henry Hallam, Esq , M A. 
William Richard Hamilton, Esq 
Arthur Henfrey, Esq 
Thomas Hethenngton Henry,Esq. 
Thomas Horsficld, M D. 

Manuel John Johnson, £8q*,M.A. 
Bishop Midtby, D D 
Rev Charles Mayo, B D 
George Moore, Esq 
Frederick John, Earl of Ripon 
Sir George T Staunton, Bart. 
Robert Stephenson, Esq , D C L 
Rev Henry Walter, B D 
John Welsh, Esq. 


On the Foreign Lxet 
Gustav Lejeune Dirichlet 
Baron Alexander von Humboldt 
Carl Ritter 


Fellows elected smee 

Samuel Husbands Beckles, Esq 
Frederick Crace Calvert, Esq 
Heniy J. Carter, Esq 
Capt Douglas Galton, R E. 
William Bird Herapath, M D. 
George Murray Humphry, Esq 
Thomas Sterry Hunt, Esq 
Archibald Campbell Tait, Lord 
Bishop of London. 

John Denis Macdonald, Esq 


be last Anniversary 

William Odlmg, Esq. 

Robert Patterson, Esq 
John Penn, Esq 

Robert Bickerstetb, Lord Bishop 
of Ripon. 

Sir Robert Schomburgk 
Thomas Watson, M D 
Bennet Woodcroft, Esq 
Lieut.-Col. William Yolland, RJB 


The President then addressed the Society as follows 
Gkntlkhxn, 

In an address lately delivered at a Meeting of the Society for the 
Promotion of Social Science, a noble Lord, a Fellow of thb Society, 
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called the attentiou of his hearers to tlie advantages which the 
world in general had derived from the cultivation of the physical 
sciences No one indeed can be better qualified to give an opinion 
on this subject than the distinguished individual to whom 1 have 
alluded His first communication to the Kojal Society was in the 
year 179b, ami was published in the * Philosophi(*a1 Transactions * 
for that year From that time to the preeen< <lav he Iioh, without any 
intermission, laboured for the advam ement of all kinds of knowledge, 
and so he still continues to labour with nil the determination and 
energy and intellectual vigour of youth , and I may confidently 
affirm that little has been done worthy of note during this mtcr^'al 
of sixty-four years wbuli has escaped lus unU* observation The 
infiuence, however, which the physical sciences have hiul m adding 
to the conveniences and comforts, and advancing the material pros- 
perity of mankind is too obvious (o escape the notice of a much 
less close obsemr than Lord Brougham If our houses and oiii 
cities are better and more ecouoinieally lighted , if our population is 
better and more cheaply clothed, if our fields arc more productive , 
if we travel by steam and communicate with those who are hundredH 
of miles distant from m by the telegraph, if a brighter light shines 
in our light-houses to guide the mariticr at night, these and a thou¬ 
sand of things besides are but the result of the application by prac¬ 
tical men, of the discoveries made in the physical sciencGN, to prac¬ 
tical purposes To the same eiiuse may be attnbuted much of the 
political greatness of the Bntish nation The British flag floats in 
every sea , our colonies are established in every region of the earth , 
we contemplate lu them with a reasonable pnde the germs of future 
nations, which, whan our fortune may possibly be changed, will 
speak the same language with ourselves, inheriting our hteratiire, 
our political institutions, and not only our rehgion but our religious 
freedom, mhentuig also our knowledge, and adding knowledge to 
it, but none of this could have been, it it were not that the astro* 
nomer had lustrurted the sailor how, with nothing but die heavens 
above him and the waters on every side, he may find his exact posi¬ 
tion on the surface of the globe 

But it would be a grave mistake to suppose that such as those 
winch 1 have now enumerated ore the only advantages which have 
been derived from the cultivation of the physical sciences. To know 
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their full extent, wc wuat take into the aeeount not only the direct 
but also the indirect results to nlinh it led, and L trust that I 
may he excused it, on the occasion ot the present aninvorsiiry, 1 oc¬ 
cupy some portion of your time, not by an elaborate discussion of 
the suhjcct, but b} oncinig to }ou some suggestions as to the other 
ways in which inquiries such as those in wlntli } on are yourselves 
engaged hove already affected, and inn} be i xpected still more to 
affect hereafter, the habits, the modes «( thought, the fortunes and 
moral condition of mankind 

It IS not our business to depreciate that form of {ivilization winch 
existed in times long since past, and especially of that re markable 
ptople who during some centuries before and after the Cbnstiaii icra 
were distinguished for tlieir still uniivalled execllenee in art, their 
noble literature, wlieii Anstotle sat at the ft ct of his master Plato, 
when students in search of intellectual iinpro\cnient from all parts 
of Greece resorted to the L}ccum of \thrnM, when from opposite 
quarters of the Mediterranean Sea the Greek colonics of Alexandna 
Olid Syracuse supplied a list of mathematicians and poets to add 
lustre to their parent state Neither let us forget what wc owe to 
another peojile, whose niilization is to be measured, not b} tliiir 
wealth and luxury, their ambition and their compiests, but by those 
monuments of art which still draw visitoia to Home, their historians, 
moral philosophers, and poets But, great as are the obligations 
which we owe to these nations of antiquity, it cannot be denied that 
the civibzatiofi which exists among us at the present time is of a 
higher order than that which existed formerly and it is not difficult 
to show that it is to the greater extension of a knowledge of natural 
phenomena, and the laws which govern them, that this improvement 
18 mainly to be attributed 

Knowledge and wisdom are indeed not identical, and every man’s 
experience must have taught him that there may be much know¬ 
ledge with Irttle wisdom, and much wisdom with little knowledge. 
But with imperfect knowledge it is difficult or impossible to arrne 
at right ooncluBions. Many of the vices, many of the miseries, 
many of the folhes and absurdities by which human society has been 
infested and disgraced may be traced to a want of knowledge It was 
from a want of knowledge that Roger Bacon was persecuted by the 
Frandsoan monks, and Galileo by the Inquisition, that Servetus was 

VOL X N 
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burned by Calvin, while others would have burned Calvin in hia 
turn if they had had the opportunity of doing so So it was that 
juries were tound to comiet and judges to condemn poor igno* 
rant women as witches, that within the Inst two cciitunts well- 
educated men believed that they might rend their destinj in the 
stars . and that as lately ns the jear 16)8. on the oieasion of the 
birth of Louis XIV , Richelieu compelled the dungeons of the 
Inquisition to give up the astrologer CHinpnnclln. in order that he 
might cast the horoscope of the futuie king, and so it is that at 
the present day grown-up ladies and gentlemen occupy themselves 
with the humbler and less romantic mysteries of tunung and rapping 
tables Cooperating with a piiier rdigious faith, the advancement 
of knowledge has liumanised onr institutions It has banished 
slavery , it has caused our laws to be more merciful, and the ad- 
miiiistration of them more just, it has promoted religious and po¬ 
litical freedom, and, with one or two miserable exceptions, it has 
rendered even despotic governments more attentive to the claims and 
wishes of their subjects If sanitary and other improvements 
(these being the results of greater knowledge) have added to the 
average length of human life, be it observed that this fact includes 
another fact, namely, that they have added to human happiness. for 
true It 18 that the causes which tend to the shortening of life arc, 
with few exceptions, such as produce tither physical pain or moral 
suffering 

The investigation of the physical sciences is especially favourable 
to the training of some of tlio more important faculties of the mind, 
so that we may well anticipate much ultimate advantage from the 
movement which iS already begun, having for its object, not to 
supersede the study of ancient languages and ancient literature 
(which at the present time, in addition to mathematics, are supposed 
to form the staple of a first-rate education), but to add an elementary 
knowledge of the principal physical sciences to the list The in¬ 
cluding of some of these at least m the instruction of early life will 
operate beneficially in various ways The first step in all physical 
investigations, even ui those which admit of the application of mathe¬ 
matical reasoning and the deductive method afterwards. »the obser¬ 
vation of natural phenomena. and the smallest error in such obser¬ 
vation in the beginning » sufficient to vitiate the wliole investigation 
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afterwards The necessity of stnct and minute obaennlion, then, is 
the firit thing which the student of the ph) sical science s has to learn, 
and it IS easy to see with what great advantage tiu habit tints 
acquired may be earned into every tiling eK( aftti wards Slovenly 
habits of observation are indeed the source of a laigc proportion ot 
the evils which mankind bring upon themselves—of blunders in 
private life by which an iiidividml eaii^^ts the nun of In nisi !f and lus 
wife and children, of blunders in statesmanship winch bring cala¬ 
mities on nations It is to tin so, niorcovcr, that impostors and 
fanatics of all kinds and in all ages have been indebted for their 
influence and success 

It would be easy to show how in various other ways the study of 
tho ]diyBical sciences cannot fail to bo a useful tiuiiiing lor the 
mind Very much indeed might he said on this subject, but to 
enter fully into it would not only occupy too much of your time, 
but would involve us in a metaphysical discussion unsuitcd to t!ie 
present occasion There are, nevertheless, two or three points to 
which I shall venture, however briefly, to allude 

Investigations of this kind, more than almost any other, impress 
the mind with the necessity of looking carefully at both sides oi a 
question, and strictly coinpanng the evidence on one side with that 
on the other, and in this maimer they help to correct and improve 
the judgment As in every such investigation classiflcation is an 
impoitant and indeed a iieccssnrj element, another eflect is that of 
promoting and strengthening the best kind of memory—a meinoiy 
founded on some actual relation of objects to each other, and not 
on mere apparent resemblance and juxtaposition Lastly, physical 
investigations more than anything besides help to teach us the actual 
value and the right use of the imagmation,—of that wondrous faculty 
which, left to ramble uncontrolled, leads us astrav into a wilderness of 
perplexities and errors, a land of mists and shadows, but which, 
properly restrained by experience and reflection, becomc's the noblest 
attribute of man—the source of the poetic genius, the instrument 
of discovery in science, without the aid of which Newton would never 
have invented fluxions, nor Davy have decomposcxl tbe earths and 
alkalies, nor would Columbus have found another continent bevond 
the Atlantic Ocean 

In the pursuit of the physical sciences, the imagination supplies 

V a 
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the hypothesis which bndgcs over the gulf that separates the known 
from the unknown It may be only a phantom, it may prove to 
be A reality But os these sciences relate to matters of fact which, 
if not directly, may be mode indirectly cognisable by the external 
senses, they aiford us peculiur far&hiies, far be} ond what exist in other 
departments of knowledge, of testing the nccurai y of the news which 
the imagination has suggested, so that we may at once determine 
when It has been too excursive, and, if it has been so, call it hack to its 
right place There may be instances of mere accidental discovery, 
but, setting these aside, the great advances made in the inductive 
sciences are, for tlie most part, preceded by u more or less probable 
hypothesis The imagniation, having some small light to guide it, 
goes first. Further observation, expenment, and reason follow 
Thus, for example, it had been long suspocie d that there is some 
sort of relation between electricity and magnetism Much thinking 
on the subject had strengthened tins suspicion m the mind of Oersted 
Still it was but a hypothesis, and might even now have been re¬ 
garded by many as no better than a dream, if it had not been that 
TO the year 1820 the Danish philosopher devised the expenments 
which demonstrated the law of reciprocity between an electric current 
and the magnet, and tlie identity of the two forces As an instance 
of an opposite kind, 1 may refer to the doctrine of phlogiston as pro¬ 
pounded by Stahl. While the art of chemical expenment was im¬ 
perfectly understood, that doctrme was very generally received as 
afFordmg a true explanation of the phenomena of combustion. But 
no sooner had Lavoisier and his friends introduced a more accurate 
mode of expenment by weight and measure, than it was proved to 
have no foundation in reality, and consigned to the same place m the 
history of science with epicycles and vortices and ommal spints 
But the effect of some kind of instruction in the physical sciences 
being recognized as an essential part of a liberal education, may be 
contemplated under another point of view. Except in the case of 
particular professions or occupations, a profound knowledge of these 
subjects u not required, but there is no situation in life in which some 
knowledge of them may not be turned toA good account. Is there 
any oountiy gentleman or farmer who might not derive advantage 
from knowuig something of vegetable physiology and chemistry? 
^muld not a knowledge of scientific botany mi^e a man a better 
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gardener?—is Uiere any county magistrate, or mayoi, or alderman 
of a borough, to whom it would not be useful to know sometliiug of 
the principles on which what are called aamtary measures are to be 
conducted ?—and is there anyone in any situation in life to whom it 
would not be a benefit to know something of animal physiology, of 
the iuuctions of his own body, and of the iiifluenee which his bodily 
condition exercises over those moral and intellectual faculties by which 
he IS distinguihlied from the rest of the ommul creation 7 If it did not 
teach him how to cure disease, it might be usitul for him to know 
how far disease may cure itself, and what are the limits of Nature 
in this respect ^ To man, looking at him os an individual, there is 
no art so important as that of understanding and managing himself, 
—an art so simply and well expressed by the two significant words 
Vyiadt fftavroy, which were inscribed over tbc heathen oracle ot Delphi 
To correct bad habits when once acquired is no very easy task , a 
strong sense and a strong will, such as only a limited number of 
persons possess, arc necessary for that purpose But it would go 
far towards preventing the acquircnicut of such habits, if young 
persons, during the period of their education, were made to understand 
the ill consequences to which they iiiu*^i inevitably lead, and how, 
eventually, the body must suffer and the mind be stupefied and 
degraded, not by tbc reasonable mdulgence, but by the abuse of the 
animal instincts. 

In the Introduction to his * Inquiry into the Human Understand¬ 
ing,' David Hume, having referred to the remarkable progress which 
had been lately made in a knowledge of astronomy and other physical 
Bcieaces, baa suggested that ** the same method of inquiry, which has 
been applied with so great advantage ui these sciences, might also be 
applied with advantage to those other sciences which ha^c for tbcir 
olqect the mental power and ectmomy " I call your attention to 
this remark, because it bnngs me to the consideration of another 
subject, namely, the influence which the pursuit of the physical 
Maences, conducted as it has been more or less since the days of 
Galileo and Kepler, has exercised over other studies, and m the 
advancement of other kinds of knowledge It needs no argument to 
prove, for it must be sufiieicntly plain to everyone, that other 
soiences as well as the phyucal have at the [iresent time a \ery dif¬ 
ferent character from that which they had formerly It was probably 
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from the operation of vanoua causes (a pniicipal one, howerer, heuig 
the too exclusive and undue importance attached to the Arutotchan 
logic in the schools), that some centuries had elapsed since the 
revival of learning before the inductive method (which, by the way, 
18 nothing more than the logic which we all make use of instinctively 
in the ordinary concerns of life) became generally applied to the in¬ 
vestigation of the phenomena and laws of the material universe But 
a still further time elapsed, even after the publication of Lord Bacon’s 
news on the subject, before other sciences began to partake of this 
movement, and when they did so, it seems not possible ti> doubt 
that It was the result of the impulse which the rapid growth of the 
physical sciences had communicated to them. 

That such was the opinion of David Hume as to the influence 
thus exercised on one class of inquiries in which he was himself 
engaged, 1 have already shown But long before llume wrote, the 
same impression had existed on the mind of Locke, as will be sufh- 
Gieiitly obvious to anyone on reading the Introductory Chapter ot 
his ‘ Essay on the Human Understanding ’ In fact Locke had 
ongnmlly directed his attention to Natural Philosophy and Medicine, 
and bis researches m Moral and Intellectual Pliilosophy were engrafted 
on his earlier studies So in the case of Dr Berkeley his treatise on 
* Vision ’ contains the essential part of those doctrines which he after* 
wards published in his ' Treatise on the Principles of Human Know* 
ledge, * and it is easy to see how, step by step, these gradually arose out 
of his former studies of Natural Philosophy I make no reference to 
the modern German school of metaphysicians, and indeed am quite 
incompetent to do so Neither do 1 refer to another order of meta* 
physicians, one of whom informs us how ideas and emotions and 
volitions are produced by big and little vibrations of the molecules of 
the nervous system, while another undertakes to explain the action 
of material ideas in the mechanical machines of the brain ” But 
with regard to the more eminent of our English writers on 
these subjects, and what has been called the Scotch school of 
metaphystciaus, including Keid, Adam Smith, Dugold Stewart, and 
Brown, it may be truly asserted that the* advantage which they have 
had over the dreamy metaphysicians of former tunas is to be attributed 
to their having in their mode of inquiry followed the example which 
had been set them in the study of the physical sciences. 
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1 must not exhaust your patience by going on to exjiloro so vide 
a field as that on which I have just entered The subject is one to 
which justice cannot be done without a much more ample discussion 
than would be comcnient on an occasion like the present AH that 
1 shall say besides may be comprised in a ver\ few words In 
composing his * Essays ’ on what is now called Political Economy, we 
may presume that David Hume’s mind was inflacnoed by the same 
couHidemtions ns when he composed those other Essays to which 
I have alluded , and it is not too much to sny that these researches 
of Harness may be regarded as having, more than anything besides, 
contributed to lay the foundation of that vast science which has been 
since developed through the labours of Adam Smith and Horner, 
and of others who are still alne among us 

At the same time, m giving this credit to Hume, wc must not over¬ 
look what 18 due to one of our own body, and an original Fellow of the 
Royal Society Sir Wilham Petty contributed several papers to the 
* Philosophical Transactions ' In an early part of his life he had been 
engaged in giving lectures ou Anatomy and on Chemistry at Oxford, 
and his mnid having been thus prepared he entered on the con¬ 
sideration of other subjects, such as taxation and trade as affecting 
the material prosperity of nations, and social statistics His ‘Discourse 
on Political Arithmetic’ seems to ha\e been the last result of his 
labours, it having been first published after lus death, by his son, 
Lord Shelburne lu his Preface to this Discourse he thus expresses 
himself (and I quote the passage because it will serve to show how in 
these later investigations his mind was influenced by those m which 
he bad been previously engaged) —“ The method I take to do tins is 
not very usual • for, instead of using only comparative and superla- 
tive words, and intellectual arguments, 1 have taken the course (as a 
specimen of the political arithmetic 1 have long aimed at) to express 
myself in terms of number, weight, or measure, to use only arguments 
of sense, and to consider only such causes as have visible fbundations 
m Nature ” 

It would be easy to adduce fl’om other sctences analogous illostra- 
rions of the proposition which 1 have ventured to advance Com¬ 
pare the natural theolc^ of Derham, Paley, and the Bridgewater 
Treatises, all founded on the observation of natural phenomena, with 
the speculations of the ancient philosophers, or with the abstractions 
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and a pt-wrt argutneiita of Dr Samuel Clarke Compare the uu- 
ravelbng of early history by Niebuhr and Arnold with anything 
regarding history that hod been done before, or tlie best practical 
treatises on pohtics and government of modern times with the elabo¬ 
rate but fantastic scheme of Plato’s republic 

If I have made too large a demand on your ])atience by dwelling on 
matters which have no sjiecial or cxclusi\c relation to our body, you 
will, I hope, acce])t it as a sufficient apology that I have done so under 
the impression that whatever relates to the advancement of knowledge 
generally cannot be altogether nmnteresting to those who are the 
living representatives of the great men by whom the Royal Society 
was founded, and who themselves now constitute the most ancient 
scientific institution m the world 

Looking at what more particularly concerns ourselves, 1 may con¬ 
gratulate you on the results obtained during the last year In the 
volume of the * Philosophical Transactions’ which is now in the course 
of publication, we find that there is scarcely any department of pby«> 
sical knowledge which is not honourably represented, at the same 
time that, besides the abstracts of the principal papers, many inves¬ 
tigations which have not been deemed to be of sufficient importauce, or 
sufficiently original to have a place m our annual volume, but which 
nevertheless arc of considerable interest, are recorded and published 
from time to time lu the smaller volume bearing the title of 'The Royal 
Society’s Proceedings ’ By moans of this less pretentious publication 
many facts, many thoughts and suggestions are preserved, which 
might otherwise hare been neglected or lost, but which, beiug thus pre¬ 
served, may prove to be of much value hereafter Our weekly meetings 
have been well attended, and have been reudered more attractive by 
a piactice which is not altogether new, but which has been more 
generally adopted than heretofore during the last Session , 1 allude 
to that of the authors of papers communicated to us giving an oral or 
vivdvoce explanation of their contents,—those explanations being ren¬ 
dered more intelligible by a reference to diagrams, or to the apparatus 
used for experiments, and even by experiments actually displayed. 
Such illustratioas are useful both to the rfuthors and to others, by 
causing the subject-matter of the several communications to be 
better understood , and they are useful in another way, masmuch as 
they lend to conversations and dtseussiona, and to the interchange of 
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opinion at the time» from which we may all of us denve something 
to tlunk of* and redeci on aflerwards 

Having occupied so much of your tune already, I do not feel jus- 
tihed in making b further demand on it by tiitenng into a recapitu¬ 
lation of what has been done in the way of scientific discovery 
during the last year There ih, however, one subject to which 1 am 
led to advert because it is of more than usual lateiest, not only on 
account of its connexion with scientific nn cstigatious, but also on 
other grounds 

After an interval of two years. Captain M*Chutock and those who 
were associated with him have returned in safety from their voyage of 
discovery, and their investigations lu the Arctic regions The result 
has been that,although our most earnest wishes l)a\e not been realized, 
It cannot be said that our more reasoniiblo expectations have been 
disappointed There SLCtiicd to be no more than a small probability 
that any of those who accompanied Sir John Franklm when he 
quitted hts native country m the year IHlfi should be still alive m 
the dreary and inhospitable regions in which, after the loss of tlieir 
vessels, they had been irnpnsoncHl Cap tarn M'Chntock's careful 
inquiries have fully dissipated whatever faint bojies might have been 
entertained uf its being otherwise, leaving us only the poor consolation 
of knowing that the sufferings of these gallant spirits are at on end. 

As scientific discovercr^i, Captain M‘CIiutock and his officers have 
well fulfilled their mission, as is proved by the magnetic observations 
which Captain M^Chntock has already communicated to the Royal 
Society, and of which General Sabine, with his usual perspicuity, 
gave us some account at one of our evening meetings 

lu speaking of those engaged lu the late expedition, 1 am unwilling 
to pass over m silence the name of Mr Young, who, liaviug been the 
commander of a merchant-ship, took so much interest m the pro¬ 
jected enterprise that he not only contributed ^500 towards defraying 
the expenses of it, but volunteered hia personal services on the occa¬ 
sion, by acting as master of the vessel Nor ought 1 to omit to 
Dotioe the name of Dr. Walker, who, being engaged as surgeon, 
acted also as naturalist to the expedition, and availed himself of such 
scanty opportunities ns those ice-bound coiintnes afford of extending 
bis researches in natural history Of the results which he has 
been able to obtgm 1 am not m a condition to give you an account at 
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present, but they will, 1 doubt not, in due time be coniznuincated 
to the public 

The greatest honour which the Buyal Society has to bestow, 
namely the Coplcv Medal, has been awarded to Professor Wilhelm 
Eduard Weber of Gottingen, foreign member of the Roval Society, 
for bis iiivestigatious contained m his * Maasbestimnuingen ’ and 
other researches in electnutv, magnetism, acoustics, &c 

The first work in which Professor Weber was engaged was *The 
Theory of Undulations,* published in conjunction with his brother 
Ernest m 1825 This work is still one of standard authority It 
contains not only a complete ateouut of all that was previously known 
on the subject of waves in water, hut is the repository of many original 
and important experiments throwing light on this subject The 
volume contains also many valuable investigations in acoustics 
Subsequently to this, Professor Weber communicated to PoggendoHTs 

* Aunaleii * numerous memoirs containing his further observations in 
acoustics, among which were his experiments on the longitudinal 
vibration of rods and strings, on reed organ-pipes, on grave har- 
inomc sounds, and also bis method of determining the specific heat of 
bodies by their sonorous vibrations In this department of physical 
science he has been a worthy coadjutor of Cbladm and Savart 

In association with hu brother Edward, then Anatomical Prosector 
in Leipsic, he in 18J5 published the details of an anatomical, physical, 
and mathematical investigation of the mechanism of the human organs 
of locomotion, one result of which was the promulgation of a theory 
of animal progression more nearly in accordance with observed facts 
than any that had been proposed previously 

On his association with M Gauss m the Magnetic Observatory at 
Gottingen, Professor Weber devoted himself almost exclusively to the 
subject of magnetism and electricity The annual volumes of the 

* Results of the Obsorvations of the Magnetic Umon/ published by 
these eminent philosophers between 1838 and 1843, contam the 
description of several new mstruments, some of which have been tbo 
models of those which are now used in all dbsorvatones They include 
also a great variety of important original researches. 

It ought not to be omitted that the resoardies of Gauss and Weber 
with reference to the transmissicm of electric signals did more to 
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p\utc attention to the praeticabilitv of an electric telegraph than 
anything that had been done prevtoualj 

In 1846 Professor Weber published n memoir on “The Measures 
of 1 Electro-dynamic Forces *’ (** Electrodynamischc Maasbcstimmun- 
gen ”)• a work not less remarkable for the original mathematical than 
iur the experimental researches embodied iii it A high authority 
bos pronounced this to be ** one of the most important works both 
with regard to matliematical theory, and the practical application 
of It, that has been published in tins department of science since the 
researches of Amjilre, ” and the same authority has added, “ His 
transformation of Ampere’s law of electric action, so as to exhibit 
the analyses of the p1u9 and minus elements in each stream, and 
his deduction thence of the law of statical from that of dynamical 
action, seems to me, both as a specnm n of mathematical analysis 
and of physical philosophy, exceedingly beautiful 

More recently I’rofcssor W^eher has jiroduced two additional 
memoirs on the same subject, one of which contains a mathematical 
aud experimental investigation of the phenomena of dia-magnetism 
discovered by Faraday 

pROFhSSOR MiILFR, 

As 1 have not the oppoilunity of presenting it to him in his own 
person, I request of you, as Foreign Secretary, to cause the Copley 
Medal which 1 now place in your hands to be conveyed to Professor 
Weber, with a request that he will be pleased to accept it as the 
ludicAtion of the very high estimation in which Ins scientific labours 
are held by the Uoyal Society of Ixmdon 

One of the Royal Medals has been awarded to Arthur Cayley, 
Esq, F R S, for his Mathematical Papers published in the 
Philosophical Transactions, and in various English and Foreign 
Journals 

From the first institution of the Royal Society a large proportion 
of the papers commyiniGated to them have related to Pure Mathe¬ 
matics, and none have contributed more than these to maintain 
tlie credit of the Philosophical Trausactions Among wnters of the 
present time, no one has been a more earnest or more successful 
labourer m this department of science than Mr Cayl^. His nume¬ 
rous papers on these subjects bear testimony to hu unwearied Indus- 
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try, and the undivided opinion as to their value and importance 
held by those who are best qnahhed to judge of them, sufficiently 
establishes Mr Gayley*s claim to be regarded as one of the most 
eminent and profound mathematicians of the age in which wo live 

Mr. Cayley is among the foremost of those who ore successfully 
developing what may be called the orgamc part of algebra into a 
new branch of science, os much above ordinary algebra in generality 
08 ordinary algebra is itself above anihmetic The effect is a vast 
augmentation of our power over the comparison and transformation 
of algebraical fonns, and greatly increased facility of geometrical in¬ 
terpretation 

To give any full account of Mr Cayley’s labours would bo im¬ 
possible, from mere want of sjiace, and such account, were it given, 
would be intelligible to none but the highest order of inathomati- 
Guns, moreover, you are well aware, it could not come from my 
own knowledge of the subject 1 have, however, considered it my 
duty to lay something before you, m the most general terms of 
description, about these very remarkable papers, obtained from 
those who are competent to describe them 

Mr Cayley’s memoirs relate almost exclusively to pure mathe* 
matics, and a considerable proportion of them belong to the subject 
Quantics, defined by him to denote the entire subject of rational and 
mtcgral functions, and of the equations and loci to which these give 
rise, in particular the memoirs upon Imear transformations and co- 
varumts, and many of the memoirs upon geometrical subjects, belong 
to this head Among the memoirs upon other subjects may be 
mentioned Mr Cayley’s earliest memoir (1841) m the Cambndge 
Mathematical Journal, On aTheoretn lu the Geometry of Position,” 
which contains the solution m a compendious form, by means of a 
determinant, of Carnot’s problem of the relation between the distances 
of five points m space , the memoir m the same Journal, *^0n the 
Properties of a certain Symbolical Expression,” which is the first of a 
senes of memoirs upon tlie attracUou of ellipsoids, and the mulUplo 
integrals connected therewith , a memoir in LiomiUe's Journal, 
whi^ contains the extension of the theoiy of Laplace’s functions to 
any number of variables, and the memoirs in the same two Journals, 
on the inverse elliptic integrals or doubly penodic functions. The 
earliest of the memoirs upon Imear tnmsfonnatioas was published 
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(1845 and 184G) in the Cambndge and the Cambridge and Dublin 
Mathematical Journals, and under a diiferent title in * Orclle ' Tlie 
antecedent state of the problem was as follows *—The thcorj of the 
linear transformations of binary and ternary quadratic functions had 
been established by Gauss, the same being in fact the foundation of 
his researches upon quadratic forms, as developed in the * Kccberches 
Arithmt'liqucs , * and that ol the linear transformations of quadratic 
functions of any nninlicr of yanablea had bten considered by Jacobi 
and others A very important step was made by Mr Doolc, who 
showed that the fundanuMilal property of the determinant (or, as it la 
now commonly called, disc rnninant) of a quadratic form applied to 
the resultant (discriminant) of a form of any degree and number of 
variables,—the property in question being, m fact, that of remaining 
unaltered to a factor pres, whin the coeihcieuta are altered by a linear 
transformation of the variables or ns it may for shortness be called, 
the property of luvariancy the theorem just referred to, suggested 
to Mr Cayley the researches s^hich led him to the discovery of a 
class of functions (includuig as a particular case the discriminant), 
all of them possessed of the same characteristic property These 
functions, called at first hyperdctermiiiants, are now called invariants, 
they are included in the more general class of fnnrtions called co- 
vanants, the difference being that these contain os well the va* 
riables as the coefficients of the gnen form or forms. The theoiy 
has an extensive Application to geometry, and in particular to tlio 
theory of the singularities of curves and surfaces. This theory for 
plane curves was first established (1834) by Fluckor upon geometrical 
principles, the analytical theory for plane curves is the subject of a 
memoir by Mr. Cayley m ‘ Crelle,’ and of his recent memoir in the Phi¬ 
losophical Transactions, ** On the Double Tangents of a Plane Curve,’* 
based upon a Note by Mr. Salmon The corresponding geometrical 
theory for curves of double curvature and developable surfaces, was 
first established in Mr. Cayley’s memoir on tins subject in' Liouville* 
and the * Cambndge and Dublin Mathematical Journal ’ The theoiy 
for surfaces m general, is mainly due to Mr Salmon Among Mr, 
Caylcv’s other memoirs upon geometncal subjects, may be mentioned 
several papers on the Ponsm of the m-and-circumscnbed polygon, 
and on the corresponding theory tn Bohdo , a memoir on the twenty- 
seven Tight hnes upon a surface of the third order, and the memou 
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111 tbft Philoflopfaioal Tradsaettona^ On Curvet of the Third Order ” 
The memoirt on Quantict in the * Philosophical Transactions' 
(forming a senes not as yet completed) comprise a reproduction of 
the theory of covannnts, and exhibit the author’s views on the 
general subject Mr Cayley has written also a lleport on the 
recent progress of tlieorctical DynamicSj published in the * Reports 
of the Bntiah Association' for 1657 

Mr Cayley, 

In the name of the Ro)al Society of London, I request ^our 
aooeptance of this Royal Medal, m testimony of the strong sense 
which they entertain of the value of your labours, and of the 
satisfaction which it affords them that so eminent a mathematician 
as yourself should be included in the list of their Fellows 

The other Royal Medal has been awarded to Mr. George Ben- 
tham, F L S , for his important contributions to the advancement of 
Systematic and Descnptive Botany 

The remarkable accuracy which distinguishes all Mr Bentham’s 
•cientifio researches, the logical precision that characterizes his 
writings, and the sound generalizations which his s) stcmatic works ex¬ 
hibit may be m a great measure traced to the influence of his uncle, 
the late celebrated legal theorist Jeremy Bentham, who directed 
much of his early studies, and under whose auspices he published 
one of his earliest works, * Outlmes of a New System of Logic.’ 
His mind was further imbued in youth with a love of Natural History, 
and especially Botany, and this taste was cultivated and uounslied 
by a study of the works of the elder DeCandoIle. 

Fortunately for the cause of Botany in England, Mr. Bentham has 
devoted himself almost exclusively to tliat science, and to hu excel¬ 
lent powers of observation, dose reasoning, concise wnting, and in¬ 
defatigable perseverance our countij owes the dutmction of ranking 
amongst its Naturalists one so preeminent for bis valuabte Idionrs 
in Systematic Botany. 

Amongst Mr. Bentbam's numerous wnCiuge, those hold the first 
rank which are devoted tothe three great natural orders, Lig^umiaosm* 
LabmUe, and Sorophulanaceeet. These ordm demanded a vast amoimt 
of analytic study s for th^ are amongst the hugest and most wide^ 
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dxfltnbuted of the vegetable kingdom, and had been thrown into 
great confusion by earlier writers They have been the subject of 
many treatises by Mr Bentham, and especially of two extensive 
works, the contents of which have lately been embodied in the 
“Syatema Vegetabdium** of the DeCandolles On their first ap¬ 
pearance these works secured for their author a European reputation, 
and will always rank high as models of skilful classification 

It would occupy too much time to specif} the very numerous 
monographs and papers which Mr Bentham has communicated to 
various scientific societies and periodicals in this country and on the 
Continent, and especially to the Linnean Transactions and Journal 
That **On the Principles of Genenc Nomenclature’* may be noted 
as au example of his power of treating an apparently simple, but 
really abstract and difficult subject iii a manner at once philosophical 
and practical Mr Benthnm’s most recent work, that on Bntish 
Plants, IS the first, on the indigenous Flora of our Islands, in which 
eiery species has been carefully analysed and desenbed from spe¬ 
cimens procured from all parts of the globe, it is distinguished for 
its scientific accuracy, advatia*d general %iewB, and extreme simphcity, 
—a combination of <]uahtie6 which can result only from an extensive 
senes of exact observations, judiciously arranged and logically ex¬ 
pressed 

Me, Bbnthxm, 

The early volumes of the * Philosophical Transactions' contain 
numerous papers relating to Botany and the other sciences which 
are usually comprehended under the general designation of Natural 
History, As these saenocs, but especially Botany, became more aod 
more extended, it was thought desirable that another Institution 
should be called into existence, which might share with the Royal 
Society the privilege of promoting the cultivation of them, and of 
commumcatiiig to the world firom time to time the progress which 
has been made in this department of knowledge and such was the 
ongtn of the Linnean Society m the year 1788 The Royal Society, 
however, does not on that account feel the less interest in tliu class 
of sdentific investigatioiM. It is accordingly with great satisfaction 
that the Coundfi have awarded to you one of the Royal Medab, and 
that, tn the name of the Society, I now place it m your hands, in 
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testimony of their high appreciation of your researches, and of the 
respect vhich they have for you as a fellow-lidKiurer iu the field of 
science 


On the motion of Mr. Faraday, seconded by Sir Henry Holland, 
the best thanks of the Society were voted to the President tor his 
excellent address, and he was requested to permit the same to be 
printed. 

[For the Obituary Notices of Deceased Fellows the reader is 
referred to the end of the Volume ] 

The Statutes relating to the election of Council and Officers having 
been read, and Mr Christie and Dr Mayo having been, with the 
consent of the Society, nominated Scrutators, the votes of the Fel¬ 
lows present were collected 


The following Fellows were reported duly elected Officers and 
Couned for the ensuing year — 


Piettdent —Sir Benjamin Collins Brodic, Bnrt, D C L. 
Treasurer —Major General Edward Sabine, R A., D.C.L. 


Secretaries 


( William Sbarpey, M D 
George Gabnel Stokes, Esq , M A., D C.L. 


Foreiffn Secretary. —William Hallows Miller, Esq, M A 

Other Members of the Council —C CardaleBabington,Eaq ,M A ; 
Rear-Admiral Sir George Back, D G L , Rev. John Barlow, M A., 
Thomas Bell, Esq,/Arthur Cayley, Esq ; Wilham Farr, M D., 
D.C.L , Sir H. Holland, Bart ,M D ,D.C L ; Thomas Henry Huxley, 
Esq., Sir Roderick I. Murchison, M A, D.C.L.; Thomas Webster, 
Esq, M A.; Ber. William Wbowell, D D.; Alex William William¬ 
son, Ph D.; Rev. Robert Wilhs, M A., Sir William Page Wood, 
D C L , The Lord Wrottesley, M.A , Colonel Philip Yorke. 
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The following Table shows the progress and present state of the Society 
with respect to the number of Fellows:— 



Patron 

and 

Honorary 

Foreign 

Having 

com¬ 

pounded 

Psying 
£2 12s 
annually 

Paying 

£4 

annually 

Total 

December Ip 1858 

9 

50 

365 

7 


706 

Smoe elected 



+ 4 



+ 17 

Since deceased 

-2 

-3 

— 16 



—32 

November 30» 1859 


47 

353 

B 

277 

691 


December 8,1859. 

Sir BENJAMIN 6. BRODIE, Bart, Prerident, m the Chair. 

The President announoed that, under the ptovisioBa of the Charter, 
be had appointed the following Members of the Conadl to be Vioe- 
FlniddentBi-> 

niornas Esq. 

Sir Boderuik I, Murchison 
Mq)or>Oeneral Salnne. 

The Her. 'William Whewell. D.D. 

Sir WiSiam Page Wood. 

The Laid Wfoltedey. 
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The following oommunioohons were read — 

I the Andytical Theory of the Attraction of Solids 
bounded by surfaces of a Class including the Ellipsoid ’’ 
By W F Dokkix^ Esq, M,A, r.R.S, F.R.A S, Savilmn 
Professor of Astronomy in the University of Oxford. 
Received September 2, 1859 


(Abstract) 

Tlie surface of which the equation is 

f(ap*yf. . (1) 

IS called for convenience the surface (A, ” The space, or solid, 

included between the surfaces (^|, A:), (A,, A:), is called the shell 

Cv included between the surfaces (A, A,), (A, A,) is 

called the shell ^A, ” [This notation is borrowed, with a slight 

alteration, from ^^r Cayley ] It is assumed that the equation (1) 
represents closed surfaces for all values of the parameters A, A, within 
certain limits, and that (within these hunts) the suri^ (A, A) » not 
cut by either of the surfaces (A-hdA, A), (A, A-fdA) It ts also sup- 
posed that there exists a value A« of A, for which the surface (A«, A) 
extends to mfimty in every direction Lastly, it is supposed that if A 
be considered a fhnction of jt, y, a. A, by virtue of (1), the two fob 
lowing partial differential equations are satisded 

in wfaioh ,(A) is vuy ftinetioo of k (not invdTing k), and n is mj 
constant indqwndent of k and k. Hie Mowing proporitions are 
(km demonttrated i— 

Tba potentialf on a giren oztemal poin^ of a bomogeneoiis sohd 
bounded tbs snifboe (A, A), nxm aa the mass of the wdid» if A 
Ttiy while A nmeiM eoartant 

The potentialii on a gtren external point* of the homogeneous 
Adis I^A,, ^A|, j sM proportional to the meases of the shdls« 


o2 
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The homogeneoui shell exerciaee no attnotion on an in- 

tenor mass. 

The external equipotentud surfaces of the homogeneous infinite- 
umai shell are the suriaces (h, k), in which h u arbi¬ 

trary and k invanable * 

The potential of the homogeneous mfiniteBimal shell 
upon an extenor point, is 

and upon an inienor point, is 

(In these expressions is c* gQ,} 4 gt the lower limit 

in the first, is the parameter of the surface (A, A) which passes through 
the attracted point The density of the shell is supposed to be unity ) 

The potential of the finite homogeneous shell (density 

si) upon an extenor point ((, 0 , (), is 

in this expression it has been assumed (for sunplicity) that A^ u inde¬ 
pendent of i. Also A", A' are the yalues of A corresponding to A'', 
when A and A vary subject to the relation f((, n, A, A)sO; end A, 
in the last integral, is the function of A, E, q, { determined by this 
relation 

The differential equations ( 2 ) are satisfied in the case of the elhp- 
amd. For if we put its equation in the form 

it if evidoft qn inspection that 

£*+£*+£**2/JL+ JL + » ^ 


• It II knowii fhft the lut two pnpoiitlMw inpl, the int two (Me Ur. 
Cailej'i" Mete en the Theetyef attnwtieai” Qowta^ Jeenel at UUlimnlleN 
vid. U. jp. SW) I thettfhthiiiiBelthaerdarerpHMfiiithepnMBtipifM. 
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and 


In this CEBe we Und ^A)=((a*+A)(6*+Ar)(c’*+A))*, and the 
above general expressions lead to the known results. 


II Supplement to a Paper, read January 27, 1859, ''On the 
Thermodynamic Theory of Steam-engines with dry Satu¬ 
rated Steam, and its application to practice/' By W. J 
Macquorn Bankisib, C.E , P B S. 8rc * 

(Abstract ) 

Tins supplement gives the dimensions, tonnage, indicated horse¬ 
power, speed, and consumption of fuel, of the steam-ships whose 
engines were the subjects of the experiments referred to in the 
original paper. Results are arrived at respecting the available heat 
of combustion of tlie coal employed, and the efficiency of the furnaces 
and boilers, of wbicli the tbllowing is a summary — 


Ko of 
ttparinwat 

Klodofbotl^r 

Total heat of com- 
buatioit of 1 Jb of 
coal m ft Iba., 
eitimated from 
ehemioal eonpo- 
alttoii 

ATailaUe boat of 
combuation of 1 lb 
of coal In ft -Iba 
computed from 
efleleney of iteain 
and wcAght of 
coal burned p« 

I HP. 

AvuiMe 
beg/, total 
he«t,«efli- 
deacy of 
fUmsoo 
and bfftter 

1 

111 


'Improved Manne' 
Boilers of ordi- 
. nary proportions.. 


10,000,000 

10,000,000 

5,420,000 

5,500,000 

0*542 

053 

11. 


'toiler chiefly eom-^ 
posed of small 
vertical water- 
tubes, with very 
great heating 
^ eurfhoe. ^ 


11,060,000 

10,110,000 



Available Heat of Combuation of 1 lb of coal 

_ _ 1,980,000 ft.-lbs. 

^Beumey ofsteun x lb. coal per I HTP per^hour* 

* PbU. Tram. |8ft9, p 177 \ tnd Prooeedingi of the Royal Society, vd. ix 
p. S3S. 
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III. Supplement to a Paper, read February 17,1859, On the 
Influence of White Light, of the different Coloured Bays 
and of Darkness, on the Development, Growth, and Nutri¬ 
tion of Animals*.^’ By Horacx Dob£Li., M D &c 
Communicated by James Paget, Esq Received Scp« 
tember 23, 1859. 

The apparatus used m the following eapenments* was described in 
my Paper, but in the present instance, only two of the cells were 
employed, viz that exposed to ordinary white light, and that from 
which all light is excluded In order more effectually to prevent 
the possible admission of light, the following precautions were adopted 
with the dark cell —1 The perforated zinc floor was covered with 
thick brown paper 2. The under surface of the lid was lined with 
block cloth, to secure accurate ad)U8tment when shut 3. The 
opaque black glass was covered with an additional coat of black oil- 
pamt 4 The Iid was never opened m any light except that of a 
candle or of gas. 

March 20th, 1859 —^A munber of ova of the Silkworm (J8om5ysr 
mrf), all of the same age, were placed in each of the two cello. No 
change was observed until dfqy 18fA (sixty days after the commence¬ 
ment of the experiments), when one larva emerged from the ovum 
in each cell, and during twelve days, larvae contmued to emerge m 
the light and m thja dark at the same rate. 

June 9th.~Sixteen larvae, as nearly as possible of the same size, 
were selected in each cell, and the rest removed. The expenments 
then proceeded with these thirty-two individuals, and no death 
occurred from first to last 


* ProoesdiBgi of the Royal Society, vol n p. 444 
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The following Table shows the day on which each larva began to 
spin, the day on which the perfect insect escaped from the pupa , 
and hence the number of days occupied by the metamorphosis 



From this it is seen that the mean penod occupied by the meta- 
inorphosiB in the darkened cell was eighteen days fifteen hoursi and 
in the l^^hi cell seventeen days sixteen hours. 

The longest and shortest penods m the darkened cell twenty-two 
days and seventeen days^ in the l^fht cell mneteen days and seven¬ 
teen days. 

June 9th.—On selection of sixteen of the largest larvse from the 
inhabitants of each cell, it was noted that, when sixteen were selected 
from the darken^ cell and several of eimlar eue removed, only 
four could be found as large in the wAtie cellt the remaining twdve 
selected were therefore of a rather smaller sue This difference ia 
the two ceils became less obvious afterwards, but, throughout the 
expemnents, there was a slight difference of sue in favour of the 
darkened cdl. 

With these exceptions, no difference could be detected between the 
results obtained in the cell ftom which light was completely exdaded 
and in that mqNwed to its fiill influence 

The Urvis, the silk produced, and the moths firom the two cells, 
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when placed side by side, could not be distinguished from one 
another 

Tlie ova were of the same colour when first deposited, and under¬ 
went the same changes ot a]»pearance, at the same time, m tiie dark 
and In the light 

So far, thereiore, as the direct agency of light is concerned in the 
development, growth, uutritLon, and coloration ot animals, the results 
of these expennients closch correspond with those already reiwded 
in luy Paper. 

IV ** On the Effects produced lu Human Blood-corpuscles by 
Sherry Wine, &c By WitLi 4M Addison, Esq , F R S, 
Fellow of the Royal College of Physicians, Loudon Rc- 
mved Soptembn 10, 1859 

(Abstract) 

The author has found that when a ainall drop of fresh blood is 
placed beside a similar drop ot sherry wine on a slip ot glass, and 
Mewed witli tlie microscope, after being covered as usual with a thin 
piece of glass, certain cluuiges are seen to take place in the blood as 
it niiugles with the wine, which are thus described.— 

In those parts where the wine is mmglmg with the blood—at 
the outer edges of the mass—^various altered corpuscles will be seen 
They float in the fluid, separated from each other, having now tio 
longer any disposition to adliere together in rolls Their outlines 
are altered, and sundiy markings appear m their interior After a 
short time-^perhapB ten mir4Ute8, sometimes sooner—numerous cor¬ 
puscles will be observed throwing out matter from their interior ^ 
two, five, or ten molecular spots fhiiging their circumference. Some 
of these molecules grow larger and seem coloured, othen of tliem 
elongate into tails or filaments, which iVcquently attain to an extra- 
ordmary length, and wave about in a very remarkable manner. 
They aU terminate, at the extremity farthest from the corpnsde, in 
a round ^obular enlargement Asingle corpuscle may veiy frequently 
be seen with five or six of these tails. 

“ During the observation of these phenomena, numerous mob- 
eular particles are seen coutuiMsHy passing from the coipusdes; tiny 
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float about iiii and disturb the transparency of the fluid moreoTer» 
they have an extremely vivid movement* 

** At the expiration of half an hour, many of the tails or filaments 
are seen assuming the form of a necklace of beads, and those also^ 
separating from the corpuscles^ float about with a singular indepen¬ 
dent movement in the fluid ” 

When blood is similarly mingled with a fluid consisting of two 
parts of sherry wine and otic part of a solution made with a groin 
and a half of common salt and a grain of bicarbonate of soda to half 
a fluid ounce of water, the transparency of the fluid part of the blood 
IS not altered, ** but the corpuscles arc changed in appearance, and 
the tails or filaments which are now seen issuing from them are gene¬ 
rally thicker and much more conspicuous than when the wine alone 
18 used The molecules which separate from the corpuscles are 
larger, and the tails which bre^ak away from the corpuscles upon any 
slight motion of the fluid, present lanons dumb-bell, ueckloce-Iike, 
serpentine, globular, aud other shapes 

Under particular but accidentally produced conditions of the 
mingled fluids, the author has repeatedly seen the tails suddenly 
retract, not into the mterior of the corpuscle, but into a globular 
ball at Its Bide Sometimes the toil shortens to only half its 
length, becomuig m a corresponding degree thicker The tad m 
thus shortening may become bulged m the middle of its length, ex¬ 
hibiting at that part a globular or discoid enlargement This glo¬ 
bule or disc may then burst, and in such case the blood-corpuscle 
finally exhibits only a small round particle remamwg at the pomt 
of its circumference from which the tail had proceeded 

After describing in detail vanous other appearances whidi he 
noted in his expenmeuts, and which, as well as those above men¬ 
tioned, are delineated in several drawings which illustrate the paper, 
the author thus states hts views as to the nature of phenomena 
observed :~ 

these experiments, a mixture of a sidine aolution and sherry 
wine, or the wme alone, is added to a dropof fresh blood. The ad* 
ditioir must chmige die pfroperties of the fluid in which the corpuscles 
naturally swim. The change in the fluid produces duuiges in the 
oorpuaeles, shown hf their altered appearance, their indisposition any 
longer to adhere in nXie, and the various markings seen within fhem 
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SoBie time «fter tbeee changes the corpuscles discharge molecular 
paitides, and emit tails or filaments, which, separating from the 
corpusdeSf materially alter the transparency and aspect of the 
fluid 

** The first alteration of the fluid element of the blood—that, 
namely, produced by the addition of the extraneous fluid—causes no 
visible troubhng or change m it, but the second alteration, which 
consists in the appearance of a great number of molecular particles, 
IS visibly produced by the agency of the corpuscles The molecular 
particles are seen coming out of the corpuscles, separatmg from them, 
and disturbing the transparency of the fluid ” 

In corroboration of his opinion that the filaments and molecules 
are emitted from the blood*corpuscles, and uot produced by a preci¬ 
pitation or Bohdificatiou of coagulable matter m the plasma, the 
author especially draws attention to the fact that, so far as he ob» 
semd, the molecules appear only in those parts of the fluid where 
the corpuscles have been altered and are fringed with similar mole^ 
cules, or emitting tads, whilst in other parts, where such changes 
are not oceninng in the corpusdes, the fluid is perfectly clear, and 
free from molecules. Moreover, the emission of tails and molecules 
is not the result of a breaking up of die corpuscles, for many of the 
latter may be seen emitting long tads without any alteration of their 
natural form, and although no doubt the corpuscles are finally broken 
up, this process does not take place sooner in those with tads than 
in those which have none. 

In connexion with his present observations, the author relates 
two cases of febrde and inflammatory disease (already reported by 
him in the * London Medical Oasette * some years since), m which 
molecular matter existed abundantly in the liquid part of the blood 
The mokcubs m these cases, as m faxs present experiments, he be* 
kevea to have proceeded from the blood-corpusdesi, and likewise 
through the operation of some abnormal mfiuence, which, however, 
must have acted upon the corpuscles during their mreuladon in the 
hving body. 

author next vetea to certain inferences from the foregouig 
observatiotii calculated to duadate questums in pathology and 
peactwal tnedksme, which, however, he has already made known m 
hk flhdaUmiatt LeoUwes. 
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To produce the effircta deeoribedi brown Bherry of the best qfuelity 
was employed. Infenor sherry wines alter the ouUme of the cor¬ 
puscles, but do not cause the production esther of tails or molecules. 
With other sherry wines of a better kind, the author finds it preferable 
to mix them with a fourth or a fifth part of the sahne solution instead 
of one-third, he has tried port-wxnes and vanous mixtures of brandj 
and water, with and without sugar, but almost always without the 
effect here described 


V Researches on the Phosphorua-Baees—No. VII. Tn- 
phosphonium-Compounds. By A W. Hos^mann, LL.D.j 
F R.S. &G Received October 18, 1859 

In several previous commumcations I have submitted to the Royal 
Society the results which I have obtamed m examimng the deport¬ 
ment of tnethylphosphme widi dibromide of ethylene, as the proto¬ 
type of diatomic bromides 1 have shown that the final product of 
this reaction is a diatomic salt corresponding to two molecules of 
chlonde of ammoninm 

The further prosecution of the study of tnethylphosphme in this 
direction has led me to mvestigate the denvatives generated by the 
phosphorus-base, when submitted to the action of triatomic cblondes, 
bromides, and iodides 

The most accessible terms of this group being chloroform, bromo- 
fonn, and iodoform, the changes of tnethylphosphme under the in¬ 
fluence of these agents have more especially claimed my attention. 

Aeitm qf Iodoform on Tnetkyfykosphtne 

Both substances unite with energy at the common temperature. 
In order to avoid the mfiammation of die jdiosphorus-base, small 
quantities of the materials should be mixed at a tune The products 
of the reaction vary with the relative proportions of the two eab- 

By adding gmdually erystals of iodoform to a modente bulk of 
triethy^iliQqil^ unld a new addition preduees no longer an ebm- 
tfon iff temperaftiire, avkoems mass of adew yellow tidotw ia 
which, when treatedimdi ateolnd, dia^es to a white powder rfoiy- 
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vtalline aspect ^ these crystals are easily soluble m water, dtfficultlj 
soluble in alcohol, and insoluble in ether* Two or three ciystallisa- 
tions firom boiling alcohol render them perfectly pure The analysis 
of this body has led me to the fbrmula 

^4f ^11 

which represents a compound of one molecule of iodoform, and three 
molecules of tnethylphosphine, 

Tnethyl- Iodoform New Compound 
phoiphine 

Iodoform thus tixes three molecules of tnethylphosphine, giving 
nse to the formation of the tri-iodide of a tnatomic metal, of a tn- 
phosphonium corresponding to three molecules of chlonde of ammo¬ 
nium 




- 

Is** 

Uc.HjJ 

.P3 


The aqueous solution of the iodide yields with iodide of sine a 
white crystalhne precipitate which is difficultly soluble m water, and 
appears to be slightly decomposed by reerystallisation It consists 
of one molecule of the tnatomic iodide and three molecules of iodide 
of June, 

H4, P313, 3 Zn !• 

By treating the tn-iodide with the vanous salts of silver, a series 
of tnatomic componnds is easily obtained, which contain the different 
acids 

The tnchloride funiiahes''with dichlonde of platinum a pale yellow 
precipitate, which is lusoluble in water, but dissolves in boiling con¬ 
centrated hydrochlonc acid. From this solution it is deposited on 
cooling in bnilumt rectangular plates, which contain 

^8 ®lll» ^ ^ Clj,, 

I have vainly tned to produce a tnoxide which would oorrespoud 
to the tn*iodide. 

The tri-iodide u promptly attacked by cude of silver, witib formatioa 
of iodide of silver, and of an exceeduq^ly caustic fixed base, which 
vemauM m station This base no longo' bekmgs to the wmfm sedM, 
By treating its aolutton with hydnodic aod, or with hydsooUcric 
a^ and dichlonde of platinunii it ia *t once perodivad diat the action 
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of the <mde of nWer has profoundly changed the original system of 
molecules Hydnodic acid no longer produces the salt difficultly 
soluble in alcohol, by evaporating the solution a cr^^stalline residue 
IB obtained, which easily separates into a viscous, extremely soluble 
substance, and splendid crystals of an iodide, very soluble in water 
and alcohol, but insoluble m ether. The analysis of this iodide has 
proved it to contain 



This formula represents the iodide of methyl-tnethylphosphonium, 
which was formerly obtained by M Gahours and myself, by acting 
with iodide of methyl upon tnethylphosphine. 

The alkaline liquid, obtained by the action of oxide of silver upon 
the tn*iodide, when saturated with hydrochloric amd, yields no longer 
the platmum salt, difficultly soluble in water but soluble in hydro* 
chloric acid, In a dilute solution no precipitate whatever takes 
place, and only after considerable evaporation well-defined deep 
orange-yellow octahedrons are deposited, which contain 



From these results it is obvious that the tnphosphomum-salt, 
when submitted to the action of oxide of silver, passes oier mto a 
monophoaphomum-eompound The latter is not the sole product of 
the reaction, I have idready alluded to the viacoua deliquescent 
substance which accompames the iodide of meUiyl-tnethylpbosplio- 
ntum This is an iodide, which, in the solution produced by the 
aotum of oxide of silver upon the onguial tn-u>dide, exists lu the form 
of oxide The latter substance is easily recognised by evaporating 
the aolotion of oxide of methyl-tnethylphosphomum, and adUBug a 
ooneentoted solution of potassa, when the oily globules chiuracteriBtio 
of the dioxide of tnothylphosphonmm separate, which disappear - 
umnediately on addition of water 
The metamorphosu of the tri-iodide, under the influence of oxide 
of stiver, b represented by the following equation x — 
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The tn-iodide which foms the subject of tlus Note is not the only 
product of the reaction between iodoform and tnethjlphosphme 
There are other compounds formed, especially when the iodoform is 
employed in great excess* The nature of these bodies, winch may 
be divined from the eKamiuatton of the correbpondtng compounds in 
the diatomic senes, is not yet fixed by experiment 

1 have satisfied myself that chloroform and bromoform act like 
iodoform upon tnethylpbosphine 

The phosphorus-base acts, even at the common temperature, upon 
tribromide of allyl The mixture of the two bodies solidifies into a 
crystaUme mass, in tlic examination of which I am engaged 
The reactions which I have pointed out in this Note have induced 
me to extend my experiments to tetratomic bodies The chloride of 
carbon, C, obtained by the final substitution of chlonne for the 
hydrogen in marsh-gas, appeared to promise accessible results On 
snbmitting this body, remarkable for its great indifference under 
ordinaiy circumstances, to the bfluence of tnethylphosphme, 1 have 
observed with astonishment a most powerful reaction Every drop 
of tnethylpbosphine which is poured into the chlonde of carbon, 
hisses like water fallmg upon red-hot iron* On cooling, the mixture 
lohdifies into a mass of white crystals, which will be the subject of a 
spedal communication 


December 15,1869. 

Sir BENJAMIN C BBOBIE, Bart., President, m the Chair* 

Samuel Husbands Deckles, Esq., was admitted into the Sodety. 

In aooordance with Notice given at the last Meeting, the Right 
Honourable Edward Lord Stanley, Member of Her Mikity's Pnvy 
Council, was proposed for election and immediate bdlot; and the 
ballot having been taken, hu Lordship was declared duly elected. 
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The following communications were read 
1 Note respecting the Circulation of Oasteropodous Mollusca 
and the supposed Aquiferous Apparatus of the Lamelh- 
brauchiata.*^ By M H Lacaze Dvthierb. Gommumcated 
by Professor HtrxLKy. Received October 19, 1859 

A memoir upon the aquiferous system and the oviducts of Lamelh* 
branchiate MoUusks by Messrs Bolleston and Robertson, was read 
before the Royal Society at the Meeting on the 3rd of February, 1859 
The abstract of this memoir, contained in the * Annals and Magazine 
of Natural History,’ reached me m the mouth of July, and 1 was not 
a little BUTpnsed to find that a structure which 1 had so elaborately stu¬ 
died m the course of my various journeys to the sea-shore, and which 
1 had carefulSy described in a number of species, was something quite 
different from what 1 bad imagined it to he. Without entering into 
minute anatomical details, which would not tend to elucidate the 
question, 1 find that Messrs Rollestou and Robertson consider that 
the organs, the ducts, and the orifices supposed to be the ovaries or 
their excretory ducts, are, m fact, nothing but an aquiferous appa¬ 
ratus, and that the openings placed on each side of the foot are the 
excretory onfices of this system. They discover elsewhere the ducts 
whose office is to convey away the products of the genital glands 
The enunciation of an opimon so opposed to what I, m common 
with many other authors, had mamtained, seemed to require a recur¬ 
rence to direct observation But on repeating my examination of 
Cardtum edule, Tellma mltdiUaf Mactra and Dona» ofia- 

Iwa, 1 have precisely verified my previous conclusions. 

On throwing injections into the genital orifices, the sexual glandi 
have become turgid; and on examining fragments xd such mjected 
gemtil glands tmcrosoopically, the injected substance was seen nuxed 
With the ova or spermatozoa. These fimts may be observed with 
especial ease m CordtMm tdide* 

In addition to this, I have seen ova actually hud by bring females 
of llfecfiobe and MySth, erne of the valves xd whose shell was removed, 
on irritation of the genital orifice, and m others the ova or the 
spermatio flmd may be made to pass out of their onfices, at the 
breeding season, by pressing gently upon the foot. 

la Spandyhu gadtropui the gemUl onfiee is sitnated in the sac 
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of Bojanufl, and I had great difficnity m finding it when investigating 
this subject It was, in fact, only by chance that 1 opened the sac 
of Bojanus and observed a httle rose-colnured cylinder issuing from 
an orifice in its interior This cylinder, like a thread of verimeelh 
in aspect, was composed of reddish ova mixed with mucus, and 
agglomerated I might multiply examples, but it seems to be use¬ 
less to do BO, for I should simply reproduce the fact^ which I have 
brought forward m the memoir which 1 published m the ' Anitales 
des Sciences Naturelles/ on my return from a long stay in the 
Balearic isles 

In this memoir, besides, 1 have not merely drawn attention to the 
circumstance, that after oviposition the aspect of the gland changes 
completely, which might lead an observer to mistake the a[»paratiis 
of reproduction for something quite different, but I have given 
figures of this condition of Pecten mrtns^ &c In hne, I believe that 
the structure of the male and female organs of the Lamelhbranchiate 
Mollusca IB such as it was described to be befoie the observations of 
Messrs Bollcston and Robertson 

But does the system of aquiferous vessels, whose ocinirrcnce in the 
Mollusca has been sometimes admitted, sometimes demedi really 
exist m the Acephala? In the abstract to which I refer, those cita¬ 
tions, which doubtless existed in the memoir, have not, and probably 
could not have appeared It is well known that the belief in this snp- 
posed aquiferous system has been gradually becoming weaker The 
necessity of explaimng the extreme dilatation and contraction of the 
bodies of molluscous animals led anatomists to seek for and describe 
such a system, but at pjresent the explanation of these facts is found 
in the direct mixture of water with the blood, or the ejection of the 
latter liquid. MM Lenckart and Qegenbaur have made observations 
tending to prove the occurrence of this process in the Pteropods, M 
Langer of Vienna has published a special memoir on the circulation 
of Anodm, and the great point he mcdies out is the passage of water 
mto the blood by the intermediation of the organ of Bqjanus. 1 
believe that 1 have demonstrated m J>enfalt^m the orifices by which 
the direct communication of the circulatory apparatus with the ex* 
tenor of the body takes place, and lastly, I have found a Gastcropod, 
and one which assuredly occupies a very high place tn tihat gnmp, 
which presents the same arrangement. 
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I hope to be able before loug to bnng out a complete Monograph 
of the anatomy of Pleurohranehus auraM/tac»«, lu which the exist¬ 
ence of an external onfice of the circulatory apparatus shall be put 
beyoud doubt As the figure which arcoinpanies this Note shows^ a 
TCry small onfice {b, fig A, and c, fig B) with a raised nm is visible 
above the external genital organs and in frout of the prmcipal 
branchial vein This onfice, hidden by tlie contractions of the body, 
IS very conspicuous in the dead animal On injecting milk or any 
other liquid by it, the fluid is seen always to enter the heart, and 
on slitting up the branchial vein, there is seen within it au af»erture 
(rf, fig B) leading into a little canal which is connected with the 
external aperture, and is the channel whereby the fluid injected 
enters the heart. 1 have varied the method of lujection in every 
possible way, and always with the same result 1 cannot conceive 
that there is any rupture of the parts or any extravasation of the 
injection, so that I believe (as may be verified ni spirit specimens) 
that m the FleurobranchtLs the circulatory apparatus communicates 
directly with the extenor 



The demonstratijcm of a direct communication between the extenor 
and the curculatoiy apparatus, renders the assumed existence of an 
VOL. X ^ 
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aquiferous ayatem a prton less iiecesaary* in order to explain the 
great changes of yoluzne of the body of Mollusks But 1 beheve 
that, m addition, microscopic examination will show the direct con¬ 
tinuity of the genital glands with the lateral orifices placed at the 
base of the foot m the Lamelhbranchiata 
This communication of the yascular apparatus with the external 
water, has a very important bearing on the history of the nutntive 
processes The physiological conceptions derived from the stndy 
of the higher animals are singularly affected by findmg creatures 
which can at will throw out a portion of their blood, or, on the 
contrary, dilute with water that which is, par excellence^ the nutn- 
tious element. 

This would be sufficient to prove, were it necessary to do so, how 
wide IB the difference between the ntal processes of the lower and of 
the higher ammals 

EXPLANATION OF THE FIGUKES 

A Pkurohremehnt mrantiaeum^ seen in a lule view 
a Heart 

h Eatemai orifice of the uuguiferout lyatem, placed before the branohiie 
and above the genital organ 
B Enlarged view of the heart, branchial vein, &c 
m Auricle 
h Ventricle 

e External ojiening through which ftuid may be iigected into the heart 
if Branchul vein laid open at thla part to diow the interna] opening of 
the canal which leada from the external orifice c 
e Pema < 

/ Part of the branchial vein, unopened 


IL ''On the Bepair of Tendons after their subcutaneous divi- 
non” By Bbhnars £. Broadrvmt, Eiiq., F.BCS 
Coounttnicatod by T Bubars CyRi.tN 0 , Xaq B«eeiyed 
November 4, 1869 

(Abstract) 

The results of the experiments which are recorded by tlie Rathm 
are divided mto three olasiest which tend to riiow— 
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Ist That a tendoni having been divided, may reunite without 
leaving permanently a cicatnx 

2ndly That the uniting new material may be drawn out to any 
required length, and m auch case may, under gradual and carefully 
regulated extension, even acquire the thickness of the tendon itself, 
but that if the divided ends are widely separated after the section, 
and BO remain, reunion will not take place 
3rdly« That the addition of newtendon does not impair the strength 
of the muscle, ualess the length be more than sufficient, m which 
case it occasionally weakens the muscle 
The process of reunion is explained, and the appearances pre« 
seated by the tendon m the vanous stages of reumon are detailed and 
illustrated by coloured drawings. Preparations of the parts operated 
on were also exhibited. The author concludes that, when the divided 
ends of the tendon are held m apposition and the limb is kept at rest, 
reumon will take place without leaving a cicatrix, but that when 
extension is made, the new matenal becomes organised, and persists 
as a permanent structure. 


JII. “ On the Curvature of the Indian Arc By the Venerable 
John H. Pratt, M.A , Archdeacon of Calcutta Com¬ 
municated by Professor Stores, Sec. R.8. Received 
November 8, 1869. 

(Abstract) 

In a paper published in the Philosophical Transactions for 1855, in 
which the author calculates the effect which the attraction of the 
mountain mass north of India has upon the plumb-bne at stations in 
the plains on the south, he qiplied the deflections as corrections to 
the as^nomioal amphtudes, to ascertain what influence they would 
have upon the deterramatton of the curvature of the Indian Arc of 
Meridian. The method he adopted was to compare together the 
two meuared area between Kaltana and Kahanpur, and between 
Katianpttr end Damargida The caleulatum brought out an ellipse 
of wbidi the elhpiicity is Colonel Everest had deduced by a 
oompsiiBcm of the same arcs, but with uucorrccted ampUtndei^ an 

p2 
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elliptintj' These two values are ou opposite sides of tlie moan 
ellipticity for the whole earth, from which they differ by about f ths 
and ^ths of the mean 

In these calculations the ellipses are found which exactfy accord 
with the measured lengths and the corrected latitudes lu the one case, 
and in the other the latitudes uncorrected for deflection A more 
correct method has been followed by Captain A Clarke, R £, in the 
volume of the Ordnance Survey just published by Lieut Colonel 
James, R E Captain Clarke takes the latitudes of the three stations 
mentioned above, os corrected for mountain attraction by Archdeacon 
Pratt, and supposing the corrected latitudes as well as the elements 
of the mean ellipse subject to error, he determines, according to the 
method of least squares, the ellipse which best corresponds with the 
mean ellipse and with the three corrected latitudes The resulting 
ellipse depends of course upon the height attributed to the mean 
ellipse, which is left arbitrary, to be assigned at the end of the cal¬ 
culation In this way Captain Clarke shows that it is possible to 
obtom an ellipse which differs much less from the mean ellipse, and 
yet which makes the differences between the three latitudes cal¬ 
culated from the ellipse and the observed latitudes corrected for 
deflection, very small 

Since this calculation was made by Captain Clarke, the author 
communicated to the Royal Society an approximate esttmate of the 
eftet of the dcfieiency of matter in the ocean south of Hmdostan, 
on the plumb-lme On seeing Captain Clarke's result, he felt anxious 
to ascertam what effeqt this new disturbmg cause would have upon 
It The present paper contains a repetition of the calculattons of 
Captain Clarke, with the additional correettons to the latitudes due 
to the defect of attraction of the ocean introduced into them. Capt 
Clarke’s result, tiie author finda^ is thereby improved, the 
obtdned commg out somewhat nearer to the meui eUipse, while tiie 
errors u the ktitadeai, which already were veiy smaS, are still further 
reduced. The fbllowmg are the values of the semLaxes a 6 (in ftet) 
and of diereetproeal of the eSipdeity eorreepon<fiiig,—I. to the mean 
elhpset as determined by Captain Clarke; II. to the first of the two 
elltpses (corresponding to two dtffirmt degieesof iinportonoeassigi^ 
to the mean elhpse) obtained by Captain Clarke by eomUniugtheitiaan 
elkpse with the Indian Arc, HI. to the elbpse II. reeakuhted by 
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the author, with 

the additional 

correction for 

ocean attraction 

introduced. 

a 

b 

6 a-b 

1 

20926500 

20855400 

204 

II. 

20920328 

20846.522 

283 7 

Ill 

20019988 

20846981 

286 55 


The residual errors of latitude at Daxnargida, Kaliana, and Kali- 
anpuT, which lu Captain Clarke's ellipse were +1'' 05, *0" 95, 
+ r'-20, are now reduced to +0"*93, -O'' 37, +0" 74 
In GoncluBion, the author calcuiatCB the distance of a point in the 
latitude of Kahana from the centre of the earth m the three elkpsea^ 
and finds it to be near 7000 feet greater in the ellipses II and III 
than Ill the mean ellipse 1 That deviations to such an extent as 
this from the mean ellipse should actually occur he thinks likely 
enough, and he is not disposed to have recourse to some yet un* 
discovered cause to reconcile the Indian Arc mth the mean ellipse 
The occurrence of marine fossils in mountains and elevated regions, 
shows that great changes of level of the laud relatively to the water 
have actually taken place, and it seems unlikely that an extensive 
internal change m the state of the earth would cause an upheaval or 
depression of the laud or the water alone, it might rather be expected 
that both would be afiectod, though unequally Uence the absolute 
change of distance of the land from the centre of the earth may have 
been much greater than the elevation relatively to the water, while 
the phenomena adduced indicate that even the latter must have been 
very great. 


IV. Conipanson of acme recently detenmned R^hmtive Indices 
with Theory." By the Rev Bapen Powell, M.A, F R.S, 
F.G 8, F R A.S., Sanlian Frofeaaor of Geometry in the 
University of Oxford. Received November 17,1869. 

In a series of papers inserted m the Philosophioiil Transactions 
(1835, 1836, 1837), and afterwards, m a more correct and complete 
form, in my Treatise * On the Undulatory Theory applied to die Di¬ 
spersion of Li£^t* (1841), I endeavoured to investigate the great 
problem of die explanation of the unequal refrangibihty of light on 



200 

the pnneipleB of the uudulatory theory, as proposed by M Cauchy 
about 1830, by numerical compansou with the indices obserred, 
more especially m cases of the most lughly dispersive media then 
examined 

The general result then arrived at was, that while the theory 
apphed perfectly through an extensive range of media of low and 
moderate dispersive power, it did not apply well to those of higher, 
and to the highest m the scale (which of course formed the true 
test of the theory) it did not apply within any allowable limits of 
accuracy Since that time little has been done towards prosecuting 
the subject 

In the easpermental part of the in(|Uiry, about 1849, I had ob* 
served the indices for a few new mediabut these were not high m 
the scale, yet though perhaps thus of little importance, I ha\e now 
thought it as well to go through the calculation for them the 
results are of the same general character as just described 

Soon after, finding tliat my fnend,theBev T P* Dale,F.R*A.8 , 
was desirous to carry on some researches of this kind, I placed 
at his disposal the apparatus with which 1 had determined all my 
indicesf 

In 1850 that gentleman communicated to the Royal Astronomical 
Society a short general account of lus observations t relative to some 
substances not very high in the scale 

In 1858, Mr Dale, m conjuncbonwith Dr. J. Il.Gladstone, F.R S., 
presented to the Royal Society $ a valuable senes of determinations, 
evmcing lughly interesting results relative to the change of reflraotive 
power m vanons BubstaifCes under different temperatures. 

None of these media being high m the sode, they have htde 
bearing on the main object of my inqumes. In two cases (vu water 
and alccdiol) the tndioeB agree so closely with mine, that it was not 
worth while to recalculate them In two other cases I have earned 
out the nnmerical compartson, which affords a good agreement with 
the theory. 

Very recently the same gentlemen have, however, published some 


• See British Asiodatioa Reports, 1S60, Sect Proc. p 14 
t Desoribed and flgared, Britisli Assoostlon Reports, 1889 
X Nofciees, vot xl p. 47 f Phil Trans. 1858. 
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observations on several other media^ especially phosphorus^ a sub¬ 
stance at the very summit of the scale, for which 1 had long been 
extremely desirous to obtain some determinations of indices* 

Among these results only two sets are m a form in which they can 
be made available for comparison with theory These are the indices 
for the standard rays in bisulphide of carbon, and for solution of phos¬ 
phorus m that medium, which I have now calculated theoretically 
The results (given in the sequel) in both cases indicate discre¬ 
pancies between theory and observation too great to be due to any 
reasonable allowance for error, and we are confirmed in the con¬ 
clusion before arrived at, that, for hxgkly disperstee auds/'ancM, iho 
theory^ in its prksent state, dtfective 
But these compansons are all made by means of the same formula 
employed in my former researches, vis that derived from Cauchy's 
theory by Sir W R. Hamilton, which he communicated to me, and 
which I explained in a paper in the Philosophical Magazinef 
Considenug the unsatisfactory condition m which the question 
was left when tried by the test of the higher media in my former 
mqtunes, it is a matter of some surprise that m the long interval 
smee the publication of those results no mathematician has been in¬ 
duced to reeue the theory Some criticisms mdeed were advanced 
by Mr Earnsliawti And others by Prof Mosotti and the Abbd 
Moigno$, bearing on the general prmciple Sir W B Hamilton’s 
formula in particular was founded on certain assumptions con¬ 
fessedly but a^roanmate It remains then a promising field for 
mqmty to analysts, whether a better formula might not be deduced, 
or other improvements made m the general theory, by which a 
method applying so well to lower cases might be made equally 
successful for the higher 

Enulte efeahtdaham^far Bther^ Hydrate of Phenyl, (hleofSpUte- 
nard, Lmaender andSemdaUeoood, Bentole, Bioulphtde of Carbon, 
and Solutum qfPhoephorue tn that medium. 

Three indices assumed from observation, viz and gire 

the medium constants, viz. 

* See PhftL Mig July 1850 t Vob vUl M S. March 1886 

i See Phil Mag. April 1848 sad Auguat 1848 
i See British Asioeiatioii Reports, 1849, Sect. Proc p 8 
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The TalueB of the wave-length constants A and B for each ray, 
independent of the medium, are taken from my Treatise (Undulatory 
Theoiy applied to Dispersion, &c, Art 2/0) Combining these, we 
obtain AD and BD^ for each ray in the medium 
Thence Sir W R Hamilton’s formula (t6 Art 237) giveiiifor any 
ray, 

,*=^p±(AD-hBD'). 

the upper sign being used for rays above F, the lower for those 
below 


Ether —Dale and Gladstone 


Ray 

/* 

DiiTorence 

Observation 

Theory 

B 

mSm 

■mi 


C 




D 

■friM 

■iffH 


E 




F 

■f 



6 

BPfW 



H 

mu 



Hydrate of Phenyl ^Daie and Gladstone 

B 


MB 


C 

Hem 

■i^i 



HiMH 

HtnW 

+ 0007 

£ 

HMH 

HIraB 


P 

HEwH 

■Hm 


. Q 

WBm 


+ 0009 

H 

■Me 

bbBb 



In both these media, of low dispersive and refractive power, the 
accordances of theory and observation are sufficiently close 
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Chi of Lavender.—Powell. 


Obserration 

Theory 

xiinerence 

1 4641 



1 4658 

1 4G32 

- 0026 

1 4660 

1 4678 

+ 0018 

1 4728 

1 4760 

1 4726 

- 0002 

1 4847 

1 4930' 

1 4848 

+ 0011 


Oil of Sandal-wood.—Powell 


1 5034 

1 5058 



1 50Q1 



1*5117 



1 

1*5231 

1 5271 

+ 0040 

1*5398? 



Oil of Spikenard —Powell 
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In oil of laveuder and of aandal-wood there waa some indutuict* 
neu in the hne H which rendcn its index a little nncertain. It may 
be owing to thu circumstance that the asmimption of that index may 
have occasioned the discrepancy between theory and observation 
In oil of spikenard the accordance is good In benzole the disere 
pancies are too great 


Bisulphide of Carbon —^Dale and Gladstone. 


Ray 


0iftlreQce 

Obwrratioii 

Theory 

B 

WlmM 



C 


1 6169 


D 


I 6251 


£ 

■tffM 

1 6425 


F 

mimm 



G 

■lin 

1*6807 

+ 0108 

H 



Phosphorus dissolved 

m Bisulphide of Carbon.— • 


Dale and Gladsimie. 


B 

1 9314 



C 


1*9298 


D 

1 9527 

19522 

-•0006 

E 

1 9744 

1 9726 

- 0018 

F 

1 9941 



G 

2‘0361 

2 0363 

+ 0002 

H 

2 0746 



In the first of these media the difiSsrences are greater than can be 
iiurly allowed to errors of observation 
In lihe second case it is yet more dearly apparent that the theory 
IS defiseUTe. The ray C waa not observed, but the theoretical mde « 
M evidently in error to a large amount, as it is even lower than that 
of B The indices for D and C are perhaps withm the of 
error, but that of E is too much m defect to be allowed. 
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December 22 ,1859 

Sir BENJAMIN C BRODIE, Bart^ Preaident, m the Chair. 

Bennet Woodcroft, Esq » was admitted into the Society. 

The following communications wore read — 

1 the Electric Conducting Power of Alloys” By A. 
Matti^^8£N, Ph D Communicated by Prof Wheat¬ 
stone Beceived Notember 17^ 1859. 

(AbstnAi) 

In tfua pnper I have given the deteminationB of the electnc onn- 
duodng power of upwards of 200 alloys, and have found that the 
metals employed may be divided mto two classes, viz — 

A. Those metals which, when allayed with each other, conduct 
electricity in the ratip of their relative volumes 

B Those metals which,^ when alloyed with one of class A, or with 
each other, do not condttotiriactneity m the ratio of their relative 
volumes, but abeaya leaa. 

The alloys may be divided Into three groups, vis •— 

1. Those made of the met^s of class A with eadi other. 

2. Those made of the metals of class A with those of class B 

3. Those made of the metals oi class B with each other. 

From the experiments described in the paper I have tried to deduce 
nature of a^yt, and have arrived at ^fdlowingeenclwdona:— 

A. That most alloys are only a solution of one metal in the other, 
for,— 

1. On looking at the curves belong^ to flie difibrent gtwqM^ we 
■ee that each group of alloyshu a curve of a distinet and sepaimtelbrm. 
Tims for the dqit we have nearly straight lines, for the seoond, the 
eondnoring power deereaies always rqddly on the side of the metal 
hdong^ to doM B, and then tunmift goes almost m a strotf^t 
line to the metal bdonging to class A, for the third group we find a 
nqiid deerement on both sides of Uie curves and the tnmii^points 
united by almost a straight hue. 



2. On examimx&g that part of the curve where the rapid decrement 
takes plaee> we find that with the lead and tin alloys it generally 
requires twice as many volumes of the former as of the latter to 
reduce a metal of class B to a certain oonductiiig power 

3 That the tuming-pomts of these curves are not chemical com¬ 
binations we may assume from the fact that they only contain very 
small per-oentagcB of the one metal. 

4 That the alloys at the turning-points have their calculated 
specific gravities. 

5 From the similarity of the curves of the con^aatiiig power of 
alloySi where we may assume we have only a solution of one metal 
in the other, we may always 4raw appiroximatively the curve of the 
alloys of any two metals if ^ |cnow to which class they belopg 

B That some alloys are cblmical combinations) for-^ ' / 

] • At the turning-points 0^the curve we generally fiwdf 
or expansion. 

2 We have no regular form of curve, so that we cannot a pnon 
approximatively draw it 

3 At the tummg-pomts of the qnrve, tl^e alloy retains large per¬ 
centages of each metal ' 

4, The appearance (crystalhne foroj^o^) of the alloys at these 
points IB difierent from each other 

C That some alloys are only mechanical matures, for example, 
bismuth-sinc, lead-xmc, some silver-copper alloys, &c. 

The question now arises. To what is the rapid decrement of the 
conducting power of the metals belonging to class B, when alloyed 
with other mi^, due? ' 

The only answer 1 can at present give to thu question u, that' 
most of their other physical properties are altered m a like manner i 
for where we find no marked change in most of the physical pro¬ 
perties, as in group 1, and m the second group on the one side of 
the curve, then we have nearly their calculated conduetmg powers. 

In the Appenda I have given some determinations of the oon- 
ductmg power of pure gold, which I find has a hi^er value than 
that generally quoted. 

In ooDolunon, I may take this opportumty of thanking Dr. M. 
Hokmann for the excellent maimer in which he has earned out the 
greater part of the experiments 
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II ''On the Specific Gravity of Allo3rB/^ By A. Mattqiebben, 
Ph I) Communicated by ProfesBOr Wheatstone Re¬ 
ceived November 17,1859 

This communication eonBists of a revised version of a Paper of the 
author, having the same title, which was read on the 19th May, 
and of which an abstract has been already given under that date 
(page 12) 


III " On an extended Form of the Index Symbol in the Cal- 
, eulus of Operations/^ By WiU4A^u SfottiswoodEi Esq, 
F.B.S. Received Novsteiber 24^ 1859. 

* ^ ^7'' ^ (Abstracfl) 

In die case of two variables (the only one considered iii the 
present paper), the term Index Symbol means the operation 


The new symbol is 


d ^ d 




The Bjmholi Xt C, have the following meamng, 

•r ^ <r 

* rf* . 

*-i'E+*5- 

irliere the accent indicates that in the combinations of M, X, the 
diflbrentiaticHis are to afibet the subject of operation aloii^ and not 
j? or y, so far as they appear expliat m the values of AP, The 
first olgeet of the paper is to develope the relations betweoi the 
oombinationi of iV, and y, y,, and it is found that 


*,‘s 

V,i-1 0 . 0 

, or =e 

Vi*—1 0 . 0 


V Va *—2 . 0 


V Vi »~2 .. 0 


Vi V V, 0 


Vx V V, . » 


V V. V . V, 


V V V ‘.V 


according as i is even or odd. 
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Again,— 

“ (v vX«»fin) (on-t Ai-l) 

(vv, Io»/3,X(VV,X«^iA.-i) •• 

• « 

K 

where (v V, vX«./JJC x X^i A)='(V A) 

It u Airtber shown that the effect of the operations v» Vi on a 
given ffmcUon, may be represented by 


P(v, V,) «=s{f(ii, (*— 1+ lJ«'"*+(«+1) 


and the caae of —r >* examined m detail 

F(V.Vi) 

The value of 

c? it 

ui terms of a, «. are calculated, (1) when 

a,I a^ a are any linear functions of x, y, (2) when they ore any 
fhnctions whatever; and, in ca8e(l), the effect of the above opera¬ 
tion on a given function is determined 


IV. ^'Problem on the Divisibility of Numbers." By Franom 
IBlAAWTig Bsqa Communicated by Arthur Cayley, Esq. 
Beonved Nm^mber 24,1859. 

ProUm* To 5nd a proceeding by which the divisibility of a 
proposed integer N by 7 or 13, or by both 7 and 13, may be deter¬ 
mined throuj^ the same rule. 

Solutum, We can designate the number N by abe^ . ma, so 
that (a) be the first or highest, and (n) the last or lowest digit m 
it, therefon ire may put 


Na:o3a«lr...ma. 
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1. Talce the first digit, and having placed it below the fourth, 
make the subtraction in the usual way, thus 

mn 

—a 

2 Take the first di^^ of and having placed it below the 
fourth, effect the subtraction, thus 

ma 

3. Continue in the same way till you have effected the subtrac- 
ticm upon (n), and you will have the rule: 

Is ss fmV divisible by 7 or 9, or by 7 and 9 at the same 
time ? then is the number N divisible too by 7 or 13, or by 7 and 13 
at die same tune 


JSg, I. 


N =71491 
N' = 

N”=s 


= 1421 
=420=7 60 


therefore N u divuible by 7 


E». II N =246571 

N' = ^f®^*=46371 

N"= ^^*=6331 

N"'* ^g«325=5* 13, 


the number N u dirinble by 13 

Jb. III. N=l,l 83530803 

• 1,82 5 

8,243 
2,3 5 0 
3,488 
4,8 50 
8,4 63 

4 5 5=5-7 13, 

the propowd number N le divwble both by 7 «m 1 hy 
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jEf*. IV N=7429 

N'= ^^=422=2-211, 

the number N is diTisible neither by 7 nor by 13. 

Remark *—The above proceeding is but the application of a 
general prmciple, inherent to our decadio iyatem The author ib in 
possesaton of similar proceedings for all prime numbers up to 107 » 
above that limit (except a few cases) the mlefl become more oom- 
pheatedy and loae the high value of easy application. 

Taking again N=a5c(/e inn» wc have the following Table for 
operating by the different prime numbers up to 109 — 


Divifton 

Operation 

7,13 

if—a 

17.59 . 

rf/—3o 

10. 53 

«-7« 

23,43 


au 

29 

e— 

31 .... 

< 

37 


41,61 

t^Aa 

47,71 , 

de 

—00 

67 ^ ' 


7^ 137 ' 


n, 127 

4 

de 

-3(fla) 

83 

if 

^ B9 • f • * * 

'‘4 

c d 

+(*«).« 

97,103 .. ' 

e 

+ 9« 

101 . 

C—II 

107 .. . 

. c—7« 
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Explunaiton — \7, 59 d—Sa means, take three times the first 
(^igit, and subtract it ftnm the preceding bed 
Ex gr 1 • N=3,2 4 6 3 i 9 2 9 1 

-9 


-6 
3,6 7 4 
-9 

Note to I 6,6 5 9 

15= 17-2 -18 

18= 17+1 6,4 12 

9= 17-8 —18 

21= 17+4 3,90 

.-27=2 17-7-> -9 

Therefore we can operate thus — 9,4 0 1 

3,2 4 6 3 4 9 2 9 1 -2J 

+ 8 X74 


2,fi4 3 
-6 
6.3 74 
+ 2 

3,7 6 9 
-9 

Tjoi 

-4 

6,9 8 9 
+2 

9,91 1 
+ 7 
218 

*> 

Benee the nde 1 —If e mnlt^ of the dig^ to bo'fiAiliaetod be 
fishw the diTitor, we een etl|limt Irife&aotum into ad^fien. If 
it be beTOnd tike dUvieor, W 9 ean subtract the ezoess iatjbwd of the 
nnltiple. 

II. The lynbol ibr 89 wu toenatiMIbtiie first 


VOL. z. 


0 



ought to be placed below the fourth, and the double of the lint 
below the third, thus 

N=6,59 1 9745 7 
+ 1 26 


7.1 79 
147 

3,2 6 7 
63 

3,3 0 4 
6 3 


3.6 7 5 
63 

"^87 

— L 

5 3 4=6*89 


But the work can be done more easily in the fbllowuig way t 


0= 


n 

2 

3 

4 2aa = 

5 

6 

7 . 

8 
9 


21 
42 
63 

« 64siim6 
16 
37 
58 

-10 

11 


Jb.jfr. I, 


Ni 


16.5919 745 7 
' +87 
6.2 8 9 
+3 7 


3.2 6 7 

63 


3,30 4 

63 


8.6 73 * 

63 


7,38 7 

58 

45«i6*89 



II 


Ns:997609099 

■*■11 
98 0 

i I 

88 19 
-10 

8090 
-1 0 


8099 
-1 0 

89 


III If we aearch leparately for 79 (ncglectuig for the while 127) 
we can proceed tfane — 


as 


£r 1 


-33 
+ 13 
-20 
+26 
- 7 
-40 
+ 6 
-27 

-eoj 

7 9 *1 5 0 6 asN 

+f 


= —3(«a) 


99566 

--60 

9 5063 
-7 


505f 0 
-7 
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Ea, 2 

2.27089702247 
2,7 2 1 9 

7.2 3 2 7 

2.3 3 3 0 

3.3 4 3 2 

3,4 1 2 2 
4.1 0 24 
1,0 5 0 7 
4 7 4=6 79 

Remark —The pnnciple which I have thus developed is touched 
upon in some manuals of anthmetic, when we are shown that the 
same remainder in the expressions 

leads to the identity 

7 11 13=1001 

In the rules given m this Paper. I have shown the high emalyiuial 
value of the pnnciplc, but the properties of numbers, to which we 
are led when we apply the same (principle) m a eynthetxeal way. 
are not less remarkable. As an instance 1 may state that the 
symbol 

37 leads to a enrious relation among the members 

7,11* end 37. 

y. " On the Stroeture of the Chorda Doneibo of the Phtgio. 
efanue nd wme other Ftshea^ and on the relation of ita 
^rope# Sheath to the development of the Vertdine.** By 
Frtdhiaor AT.MM KdiitesBy of Wanlnq;|. Cfrmmnin 
Mted by 1j», SHAanr, Sec. B.S.. Beeelv^Oaeniber 
IBS9. 

I tdw the liberty to preient to the Boyal Society die renSa ef aai 
cstaedidMriMofinveitigatioiMmtotbc devdopmentofdicveftabnll 
of the plagloetoiiioiu and Mine other fiabea. 
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1 Chorda dOToaho 
A. Structure 

The chorda dorsahs of the PlagiostomeB, of ChmeBra, Aeipenoer^ 
SeaphirhynehuBj Toxodon^ and Loptdonren^ showsybur distinct parts* 
Tia — 

Ist The outer elaatic membrane^ a homogeneous elastic coat, 
vhich IB not unfrequently perforated with holes of different sues, of 
the same kind as those of the fenestrated membrane of Henle 

2nd The proper eheath^ formed of connective tissue of fibrous 
appearance, and generally provided with many plasm-cells. 

3rd The inner elaetic layer^ a reticulated elastic membrane, and 

4th The gelatinoue aubitance of the chorda itself, made up of 
Boft cartilage-cella, of different sizes and generally provided with 
nuclei 

Of these four layers it would seem that only the third and fourth 
are present in the higher animals, from the Amphibia (with the ex¬ 
ception of the fiatrachians) upwards, if, at least, my opinion be 
correct, that the structureless envelope of the chorda of these animals, 
generally called the sheath proper, corresponds to the third layer m 
the caitdagmous fishes On thq other hand, it seems that many of 
the osseous fishes present the same complications of structure as 
the Flagiostomes, if it is true that the bodies of their vertebrse are 
developed from the proper sheath of the chorda. So, for mstanoe, 
there exists a beautiful elastic internal layer outnde of the remnants 
of the gelatinous chorda m the genus Orthagorwu^ 

B Form qf the chorda proper* 

1st. The chorda retains in some instaiicea ito ^rjgmal fyUndncal 
form, and this is the case when the vertebral column shows no mdi- 
oation of vertebral bodies (Cyclostomes, Actpeneer, WlisuM, Ltpt- 
doeiren, TUurua^ Byoprorue* (anterior vertebra}), as w'bll as wheff 
vert^ra^ divisions exist {Leptoetiphalue,^^olmohthye, Sfyqprqrue 

(Iast^j«tM)* 

2nd. In'bl^ oases the chorda is contracted in the midc^ region 
of each vertebral body, which seldom happens where them u no 
trace of ossification (Beeanehue), but is veiy generally the ease in 

* Two geasta bsloa^ng to the LsptocepksUdn, dsscdbed by ids (s^ Eaup, 
Apodsl Flihes of the Sritbh Moieum London, 1856). 
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onified rertebree (Squali, osmous fishe^i perennibrancbiate amphibia, 
CotctltUB)^ 

drd Laatlj, the chorda may be separated into as many parts as 
there are interstices between the Tortrbree, which remaining parts in 
some cases are totally absorbed (i2ata and most of the higher 
animals) 

G Antenor end of the chorda 

Ist. In many full-grown fishes the chorda dorsalis reaches with 
its anterior attenuated end to the base of the cranium, and its cranial 
part IS in some cases enveloped in its whole length by the cramal 
cartilage This fart has been long known with regard to the Aci- 
pensendse, Cyclostomi, and Sirenoidci, but the same thing occurs 
amongst the Squall, and has been observed by Stannius m Pnonodon^ 
and by me m Heptanchuit Cenirophorue, Aeanihtae, and Squatina 
In these last fishes the cliorda reaches as far as the region of the 
hypophysis, and is bent upwards at its termination, so that the end 
itself lies underneath the interior penchondnum of the cranium, or 
at least very near the surface of the cartilage In other cases only 
the hinder part of the chorda is enclosed by the cranial cartilage, 
whilst the anterior half lies in a groove at the under part of it, as m 
Leptocephalus and Helmtehthys In one ease (Tilurue) the whole 
cranial part of the chorda »free, and situated underneath the base 
of the cranium, between its cartilage and the penchondrium*. 

2nd In some genera of Squall and most of the osseous fishes, the 
cranial part of the chorda is reduced to the anterior half of the first 
hgamentum intervertcbrale. 

3rd* In the genua Gj^imssro, the chorda ends m the foremost part 
of the vertebral ookmin* Xn this case the connexion between the 
cranium and the column is maintained by an articulation, which on 
the si^ of the column is formed by the oartilaginons vertebral 
arches. 

4th, In flie Baiidm, finally, the chorda ends at a greater iBstance 
from the slniQ, and m this case also the anterior part of tlie eohunn, 
which m only by the coalesced archcii^ is ooaiiM»^ with the 
cramum by a veal articulation 

« lasntkewfidMthereaiistoTatherastreDgecBaeKlonbetwoeBtMeirkiM 
eolnma and the cranium, m SgnaUna beiides this there aita two lateral erttcaJ^mii 
between the caitilagiiioui arches pt the first vertebra and the lateral parts ik (be 
rranial eartUage 
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Ild Omfieatim and Defelopmtnt of the Bodtee ef the Fertebra 

A. General remarks on the pari which the chorda takes tn the 
firmation of the vertebra 

1 st In all cases where the chorda ossifies^ it u only its second layer, 
or the sheath proper^ which undergoes changes. At the same tune 
the elastica externa disappears totally, or is at least dissolved in such 
a manner that its remnants are scarcely distinguishable, whilst the 
clastica interna and the chorda proper generally remain unaltered 
In one case only, viz in Scymnus hchia, ossification is to be seen 
even m the gelatinous substance of the chorda 

2nd The ossification of the sheath of the chorda has been 
observed as yet only in the Plogiostomcs and in certain genera of the 
osseous fishes, but it very probably will be found in all osseous 
fishes On the contrary, it is absent in all higher Vertebrate—accord¬ 
ing to my observations, even amongst the Batrachia 

B Changes of the sheath of the rhorda during ossification 
1. Yertebial column 

Ist. In the Flagiostomes the sheath of the chorda in the first 
place assumes a greator hardness m certain parts, these parts being 
transformed into fibro-oartilage or real cartilage, whilst the inter¬ 
vening parts retain their primitive softness In this manner the first 
indicatKins appear of Uie vertebral bodies and intervertebral hga- 
meuU, the mtenor parts of which arc formed by the chorda itself 
and the elastica interna. The histological changes going on during 
this formation of the vertebral bodies, viz the transfoRnation of the 
primitive plasm cells of the sheath into eartilage^iells, and the deve¬ 
lopment of the homogeneous interstitial eubstatm of the cartilage 
out of the fibrous substance of the sheath, speak strongly in favour 
of the view that both kinds of cells and intervemng substances are 
closely allied, whatever may have been the development of the ele¬ 
ments of the pnmitive sheath. 

In the Bspto^pkah the sheath of the chorda ossifies without 
having haen trimsformed into cartilage, and the same seems to bold 
good iwt the oAier osseous fishes. 

2Qd. Whilst this transformatton of certain parts of the sheath of 
the ^orda into cartilagmous vertebral bodies is going on, there are 
also ficirmed m the interior of each of these bodies peculiar vertical dis- 
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aepiments Theee dissepuneutst dereloped by an intenor growth of 
the riieath of the chorda, whereby the chorda proper becomes con- 
itnrted, oocnr m some cases m vertebra without any or with very 
alight traces of ossification, as in BexanchuB and the anterior ver¬ 
tebra of //spfoncAtfS, whilst they may be almost wanting lu others 
pretty well ossified (Leptoccpkalu^^ Helmichthy$^ Cenirophorua) 

3rd The ossification of the cartilaginous vertebral bodies formed 
out of the sheath of the chorda never begins at the surface, but 
always in their interior, and also in their middle region, and is, as far 
as I know, without exception, in the first instance a calcified fibro- 
cartalage, or what I call a fibrous hone 

4th The first osseous parts have the form of thm naps 
fancAics, anterior vertebra), which afterwards assume that of hollow 
and double cones (Hcp^aacAns,postenor vertebra, Centrophonu^ 

5ih« The growth of these double cones, which are the real osseous 
vertebral bodies, when once they have assumed their whole length, 
takes place especially at their outer stdc, through the addition of 
eedcifled eartilage (chondnform bone, Williamson, Knorpel^Knochen 
in German), which is formed from the outer chordal cartilage of the 
vertebral body In addition to this, the osseous double cone thickens 
■Iso at the expense of the cartilage inside of it, but lu a much 
•mailer degree 

6th. In some cases the outer growth is everywhere the same, and 
in this manner stronger double-coned vertebral bodies of uniform 
thickness are formed. In other cases the growth is in some parts 
more active than in others, and vertebral bodies then ongmate with 
outer ridges and lamellfo {Heptanehuit jRota, CarehanaB^ fifiMfe/tcs, 
Ckdouai)* In one ringle instance the ossification of the outer cartilage 
takes place m such away that the extenor parts of the vertebral bodies 
are formed by alternating ciroles of chondnform bone and cartilage 
(Spvofino) 

7ih, With regard to the extension of this growth of the vertebral 
bodies formed by the ossification of the sheath of the chordi^ it is to 
be remarked, that in some cases the whole, or nearly the whole sheath 
of the chorda oesifiea, as in S^atma and the Baiidn. In otW'eases 
greater or lesser parts of the pnmitive cartilage, mnde and outside 
the vertebral body, remain m their pnmitive state (Squall) 
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2. Skull 

In some lUBtaneeB even the theaih of the eramal part of the chorda 
ocaifiee m its hindermost part» and forme a true vertebral body 
for the occipital vertebra^ which entirely corresponds to those of 
the column This has been observed by me as yet in Lepto- 
eephidue and several Squahdee, but it is extremely probable that 
the haeilar occipital of all osseous fishes, viz that part of this 
bone which resembles a common vertebral body, is developed quite 
in the same way 

C On the manner in which the outer oeetfyiny layer is concerned 
tn the formation of the bodtee of the vertebree 

Ist In those cases where the outer ossifying layer, vu that layer 
in which the cartilagmous arches are developed, takes part m the 
formation of the vertebral bodies, there arc to be distinguished two 
different processes,—one in which the crurid cartilages themselves 
play a part in this formation, and a second, where only the periosteal 
layer between them is concerned 

2nd Where the crural cartilages take a part, they form, m the 
first place, by their coalescence an outer eartilayinoue layer around 
the body of the vertebra, which took its ongm from the chorda, and 
which we shall henceforth call the chordal vertebral body 

3rd. This outer cartilaginous layer ossifies m many cases, and 
thu ossification may take place in two places only, vu on the n^t 
and left side of the vertebral body, as m Heptanehue^ or in four 
places, m which case a supenor point of ossification at the floor of 
the neural canal, and an infenor one at the roof of the hsemal canal, 
are added to the two lateral ones {Aeanthioif Scymnue) 

4th. These external ossifications of chondnform bone may retain 
their pnmitive form of plates, and may then be called the lateral, 
superior, and infenor osseous plates, or they acquire by additional 
growth* At the expense of the outer cartilagmous layer, the form of 
wedge-sluqied or cuneiform bodies, and may be named the lateral, 
supenor, and inferior wedges {Zapfen^ Ketle^ Germ.) 

fitfa. In both cases those external ossifications comport themselves 
in two different ways with regard to the chordal vertebral body, 
inasmuch as in some oases both coalesce at their ends (Scymnue^ 
dcmthiae\ whilst in others they remain separated (iSf^eaiicAM), 
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6tb In some peculiar cases (Squab, possessing a nictitating eye- 
bd, Tu* MuMtelu9t Carcharxas, Gahut, Sph^ma) tbe cartilaginous 
arcbes remain separated, and then tbe intennediate periosteal Uyer 
performs the part of aiL osteogenic stratum The osseous parts pro- 
duced in this way lie at tbe same places as the bony plates mentioned 
under 4 and 5, they always possess tbe form of wedges, and coalesce 
with the chordal Tertebral body, m some cases only at tbeir ends, in 
others in their whole length. Although these ossifications are not 
developed from cartilage and have a very peculiar structure—they 
consist of a calcified fibro-cartilage with peculiar ossified strong fibres 
running straight through their whole thickness, —it is clear enough 
that they exactly correspond to the above-mentiuned plates and 
wedges of other Plagiostomes formed out of the coalesced crural 
cartilages 

From certain modes of transformation of the sheath of the chorda, 
combined with certain changes of the outer ossifying layer, the 
following types in the composition of the vertebral bodies may be 
established 

Type L —The vertebral body iakre tie origin entirely from the 
proper eheath of the chorda 

A Sheath of the chorda thick. 

1st Tertebral bodies soft (fibro-c&rtilaginous), mcompletely 
separated from each other, and only distinguished by the mtenor 
septa of tbe chorda Jlexanehue 

2nd Vertebral bodies partly cartilagmous, with annular ossifica¬ 
tions of the form of short double cones Ligamenta interverfeebraha 
very strong Hepianehue (anterior vertebra) 

3rd Vertebral bodies wholly cartilaginous, with thin osseous 
double cones of good length in the middle of the cartilaginous body. 
Centri^harua 

4th Vertebral bodies well ossified, cylindrical and strong, fhrtned 
inside by strong osseous doable cones, and outside by alternating 
layers of cartilage and bone. Squattna 

B Sheath of the eharda thin 

fith Vertebral body a thm hollow osseous cyhnder, chorda pro¬ 
per in Us whole length cyhndncal* Leptocephalue^ Helmiehthye^ 
Hyoprorue (last vertebra). 
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6th. Vertebral bodiea alightlj conatncted oaseous double cone«» 
with external longitudinal ndgea ChaulioduB^ 8tomia$» 

Type II — TAe vertebral body te/brmedpartly from the sheath of 
the chorda and partly from the outer ossifying layer 

lat Chordal vertebral body partly cartilaginous, with a stronger 
osseous double cone in its middle part External part of the body 
formed by a thin layer of cartilage from the coalesced arches^ with 
two lateral ossified plates. Ileptanchus (posterior yertebrm). 

2nd The same with four external ossifications, whose ends coalesce 
with the internal double cone Acanihtaa, Scymnus^ 

drd Chordal yertebral body nearly totally ossified, of the form of 
a strong double cone, with strong external longitudinal ndges Ex¬ 
ternal part of the body a strong layer of cartdnge with superficial 
ossifications continuous with those of the arc lies Rata, Torpedo 
4th Chordal vertebral body nearly wholly ossified, of the form of 
a thick double cone External part of the body formed by cartilage, 
with four strong wedge-shaped ossifications uniting with the ends of 
the inner double cone Scylltum 
5th. Chordal vertebral body a strong osseous double cone, partly 
with external ndges External part of the body formed by four 
strong, wedge-shaped ossifications, denved from the periosteal layer 
between the cartilaginous arches, which in some genera totally 
coalesce with the inner double cone, whilst lu others this happens 
only at the ends of the latter Mustelus, Carchartas, Sphyma, 
Galeus 

Type III —The vertebral bodies are wholly developed from the 
emtemal osmfytng layer, 

1st. The vertebral bodies are developed from four cartilaginous 
parts, vu. the supenor and infcnor arches, Antenor vertebrse of 
the Baiidce 

2nd The vertebral bodies are developed only from two cartila¬ 
ginous or osseous parts 

a. From the two neural arches, which in uniting do not enclose 
the chorda, which lies underneath them. Cultr^es pro^ 
vtnetalts, J. Muller, Eann paradoxa, Dug^ 

A From two lateral plates of ossified connective tissue, which 



in uniting totally enclose the chorda. Aeaudate Batrachia, 
acoordmg to my own ohserrations 
c From two lateral cartilages which enclose the chorda, and also 
develope the arches tVom themselves Higher Vertebrate. 

In terminating this Note, 1 take the liberty of adding that the only 
mformation heretofore existing on the subject to which it refers, is 
that contained in the very valuable memoirs by J Muller* and 
Williamson t The part which each of these has contributed to the 
elucidation of this subject, will be stated in a paper which will 
appear in the next Number of the Wurzburg Transactions, to which 
I refer those who take a more special interest in this matter, and 
desire to know on what data the results here given are founded 

VI Bemarks on the late Storms of October 25-26 and No¬ 
vember 1, 1859/' By Rear-Admiral FitzRoy, FR.S 
Received December 22, 1859 

As many of our Society must doubtless be interested m the nature 
and character of that storm m which the * Royal Charter * went to 
pieces on Anglesea Island, and as abundant information has been 
obtained iVom Lightbouses, Observatories, and numerous pnvate 
observers, I would take this earliest opportumty of stating that the 
combined results of observations prove the storm of October 25th 
and 26th to have been a complete horizontal cyclone 

Travelling bodily northward, the area of its sweep being scarcely 
300 miles in diameter, its mfluence affected only the breadth of oor 
own IslandB (exclusive of the west of Ireland) and the coast of 
France 

While the central portion was advancmg northward, not uniformly 
hat at an averaffe rate of about twenty miles an hour, the actual 
velocity of the wind—cirolmg (as against watch-hands) around a 
small central ** lull"—was from forty to nearly eighty miles an hour. 

At plaoea north-westward of its centre, the wmd appeared to 
»back” or retrograde,'* shifting from east through north-east, 
and north to north-west, while at places eastward of its central 
passage, the apparent dbange, or veering, was from east, througjh 
south-east, south, south-west, and west. 

* Vergleichende Aaatemie der M jxinolden 


t PhU Trau. 1860 
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Our Channel 8qiiadiiin« not far from the Eddystone, expenenoed 
a rapid, indeed almost a sudden shift of the wind from south-east to 
north-west, being at the time in, or near, the central lull, while, so 
near as at Guernsey, the wind veered round by south, regularly, 
without any lull. This sudden shift off the Eddy stone occurred at 
about three (or soon after), and at nearly half-past five it took place 
near Beigate, westward of which the central lull passed 

From this south-eastern part of England, the central portion of 
the storm moved northward and eastward Places on the east and 
north coasts of Scotland had strong easterly or northerly gales a 
day nearly later than the middle of England When the * Royal 
Charter ’ was wrecked, Aberdeen and Banffshire were not disturbed 
by wmd, but when it blew hardest, from east to north, on that 
exposed coast, the storm had abated or almost ceased in the Channel 
and on the south coast of Ireland. 

Further details would be ill-timed now, but they will be given in 
a paper to the Royal Society, as soon as additional observations 
from the Contmeut, and from ships at sea, have been collected and 
duly combined with other records. 

The storm of the 3l8t, and Ist of November, was similar m 
character, but its central part passed just to the west of Ireland’s 
south-west coast, and thence north-eastward 
Of both these gales the barometer and thermometer, besides other 
things, gave ample warning, and telegraphic notice might have been 
given m sufficient tune from the southern ports to those of the 
eastern and northern coasts of our Islands 
Aj It is the north-west half of the cyclone (from north-east to 
south-west, true) which is mflnenced chiefly by the cold, dry, heavy, 
and positively deotnfied polar atmospheric current, and the south¬ 
west half that shows effects of equatorial streams of air—warm, 
moists light, and negatively electnfledplaces over which one part 
of a cydone passes are affected differently from others which are 
traversed by another part of the very same meteor, or atmoiqiheric 
erfefy, the eddy itself being caused by the meeting of veiy extenuve 
bodies of air, movbg in nearly, but not exactly opposite durectiom^ 
one of whidi gradually overpowers, or oombmes with the other, after 
the rotation. 

On the folar half of the cydone, continually supphed from ikui 
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tide, the Tiwble effect u a drying ixp and clearing of the dir, with a 
ruing barometer and falling thermometer, while on the equatorial 
ude, orerpowenng quantitiea of warm moist air—rushing from 
comparatively inexhaustible tropical supplies—push towards the 
north-east as long as their impetus lasts (however onginated), and 
are successively chilled, dried, and intermingled with the always 
resisting, though at firnt rccoilmg, polar current After such 
struggles these two currents unite m a rarytny intermedute state 
and d%r€Ctx(mt one or other prevailing gradually 

Very plain and practical conclusions are deducible from these 
considerations 

One, and the most important, u that in a gale which seems hkely 
to be near the central part of a storm, that should be (of course) 
avoided by a ship which has sea room : a seaman, facing the 
wind, knows that the centre is on hu right hand m the northern 
hemisphere, on hu left in the southern, he therefore is informed 
how to Bieer 

Another valuable result u that telegraphic oommumoahon can 
give notice of a storm's approach, to places then some hundred miles 
distant, and not otherwioe forewarned 

The Society adjourned to January 12, 1860. 


January 12,1860. 

Sir BENJAMIN O. BBODIE, Bart., President, m the Chair. 

The Bight Hon. Edward Lord Stanley was admitted into the 
Soaetj 

The following communications were read•—> 

I "Notes of Besearches on the Poly-Ammonias/'—No VII. 
On the Diatomic Ammonias. By A W, HoncANN,LL.D, 
P.B S Eeccivcd December 14,1859 

In eoff tip ubng xny inquines mto the nature of the organic haceSy 
I was led in the commencement of the year 1858 to npeaf; come 
experiments on the action of dibrmude of ethylene upon annumia. 



which M Cloei* had published in 1853. The repetition of these ex- 
penments compelled me to contest not only the formulse of M Cloex, 
but also the general interpretation which he had given to his results 

1 have not hesitated to communicate my conclusions to the Royal 
Societyt* 

M Clo^zt shortly afterwards discussed my observations, and 
pomted out the arguments which induced him to maintain Ins 
formulee and his interpretations 

I have not rephed to these remarks M* Cloez having stated m 
the same note that he was Btdl engaged with his experiments and 
that his inquiry was nearly completed, I disconiiaued my experi¬ 
ments on the action of dibromide of ethylene upon ammonia, fully 
persuaded that the chemist, to whom we are indebted for the first 
observation of this reaction, in continuing his experiments would 
amve at the same results which 1 had myself obtained 

In discontinmng the discussion with M Cloez, I was not freed 
from the obligation of proving the general thesis of my note, viz 
the formation of diatomic bases by the action of diatomic bromides 
on ammonia I have given the proof m several communications § 
addressed dunng the last two years to the Royal Society, and 
especially m a note|| describing some new denvatives of phenylamine 
and ethylamine published during last summer The formation of 
these bodies, their analysis and their transformations, have, 1 bcheve, 
settled the question at issue m a satisfactory manner 

These researches have been Uie subject of some remarks on the 
part of M Cloez% from which it appears that this chemist has 
inteipreted tny silence as a tacit admission of defeat, he rejects the 
formulsB which I have given for the diatomic derivatives of phenvl- 
amine and ethylamine, and blames me for having contmued my 
researches on the diatomic bases without having previously rephed 
to his observations. 

Under these circumstances 1 have been compelled to resume the 
investigation of the action of dibromide of ethylene upon ammoma, 
and to reply, after nearly two years have elapsed without M. Cloez's 
paper having been published, to the senes of objections which this 
diemist has raised against the theory of the diatomic bases 

* Ji’lnsfitttt, 1853, p 213 f Proceedings, vol lx. p. 150 

I Comptes Rendiis, xM. p 255. I Proceedings, vol ix pp. 277, 287, 851. 

5 Praeeediiigft, voL x p. 104. f L'lnstitnt, 1859, p. 233. 
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Bittoe this continuation of mj expenments throws conaiderable 
light upon this new class of oompoundst I beg leave to subnut them 
to the judgment of the Rojal Society 

In order to render more intelligible the hue of argument which 
M does has brought forward against the diatomic uotions« it will 
be useful to recapitulate m two words the subject of our oontroversy. 

M Clooz admits that in the action of dibromide of ethylene upon 
ammonia, the molecule of ethylene sphtS mto radicals belonging to 
three distinct groups, vu the formic, acetic, and propionic senes, 
these radicals acting upon one molecule of ammonia, in which each 
of them replaces one equivalent of hydrogen, give nse to the forma¬ 
tion of three prmaty tnonaminea, viz Formenamme, Acctenamiue, 
and Propenoimne 

According to the view which I defend, the molecule of ethylene 
remains intact m the reaction, acting upon two molecules of ammonia 
in which 2, 4, or 6 equivalents of hydrogen are replaced respectivdy 
by 1, 2, or 3 diatomic molecules of ethylene, the dihromide of 
ethylene gives nse to the formation of three diamines belonging to 
the same family, a primary, a secondary, and a tertiary diamme. 

Expressed in formulm the two views may thus be represented — 


Formenamme 

Aoetenamine 

Propenanune 


Formula of M Clode* 


!,H,N= H In. 

H J 

C^H.] 

I.H,N= k Ln. 

H J 

k Ik 

H J 


C.H,N 


Formula of Dr. 


Ethylene-diamine H, N.- a." [ 


IKethylene-dnunine .. C, H 
Tnetbylene-dwmine .. C, 


N. 

N.. 



227 


It was by careful oummatiou of the physical properties of the 
bases under oonsideration, and more especially by the absence of 
simple equations capable of exfdaining the formation of the first and 
of the third terms of the senes, that 1 had first been led to doubt the 
correctness of M Glocz*s formulse, but I would not have expressed 
this doubt, if, on repeating the analysis of the first base, of formen- 
amiuc, the slightest doubt on the subject had remained in my mind 
1 did not at the time investigate the two other bases, and I limited 
myself to stating tliat the constitution of these bodies would probably 
be found analogous to that which 1 had expenmcntally established 
for the first term of the senes 

Let us now examine the objections which M Cloez has brought 
forward against my argument Accordinp to the hj^poihest^ of 
Af • Ho/mann,^* says he, ** the action of ammonia on the ehlorinatetl 
and hrominated hydrocarbon* cannot gmc nee to the formai%<m of 
chloride or bromide of ammonium , the reaction eoimsU mmply tn a 
combtnaiton of the two substaneeSf without the separation of a third 
compound it is a case of symmorphosis or addition^ 

(C, HJ C1,+2H, N=(C, HJH, N„ 2 HCl 

Esepenment proves^ howmer^ that the reaction invotves the ehmi* 
na^ton of hydroehlortc acid and the fixation of the elements of 
amdogen apomorphosts and symmorphosis are accomplished side 
by side, as iTidtcated by the folhmny equation ,— 

C.H,C1.+2H,N«(C,H,)H,N, HC1 + H,N, HCl» 

M Cloez would be perfectly nght if dunng the reaction no other 
base were formed except the first one. But he forgets altogether 
that in the process under examination—exactly as ui the mutual 
reaction between bromide of ethyl and ammonia—several other bases 
of more advanced substitution are produced The equations which 
I give for the formation of these bodies likewise involve the elimi¬ 
nation of bromide of ammomum, and m fact of considerable quantities 
tlusoompound 

2(C* H,)" Br,+4H. N«(C* HJ," H, N., 2HBr+2(H, N, HBr) 
3(C, ny* Br,+6H. N=(C, H*).'' 2 HBr-h4 (H, N, HBr). 

The bromide of tihmonium then, which separates in oonsideraUe 
quantity in the action of dibromide of ethylene upon ammonia, be- 
VOL. X. R 
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loDgs to the lecond and third portions of the reaction» it has noUiing 
whatever to do with the formation of the first hase M Oloez, as 1 
have pointed out| does not admit the simple equation which 1 have 
given for the formation of this body, he denies that it is simply 
formed by the union of the two compounds reacting u{»ou each 
other. According to his opinion it is produced in a secondaiy re¬ 
action, occasioned by the intervention of heat Mv experiments do 
not confirm this opinion A mixture of dibromide of ethvlene and 
alcoholic ammonia allowed to stand for some time at the ordinary 
temperature, deposited a quantity of crystals, from which I was en¬ 
abled to extract, without distillation, simply by successive crystal¬ 
lizations, absolutely pure salt of ethylene-diammc, as proved by the 
analysis of the bromide, the chloride, and the platuiuin-salt 
In discussing the numbers which I have obtained in analysing the 
hydrate and the hydrochlorate of the first base, M Clot^z quotes the 
results on which he tbunds his own formula. A glance at these 
figures will show uumistakeably that they agree much better with 
my formula than with the one which he defends The following 
are the analytical details of our analyses, together with the theo¬ 
retical values required bv each formula — 

Formula of Analysii of Formula of AnalyBia of 
M Cloez M Uoez Or Hofmann Dr Hofmann 
Carbon 31 58 31 12 30 76 30 67 

Hydrogen 10 52 12 77 12 82 12 97 

Eveiy experimentalist has incontestably the first ng^t of inter¬ 
preting his analytical results, knowing, as he does, his methods, he 
will do it generally much better than any other person. In the case 
before us, however, I believe very few chemists would have inter¬ 
preted the results of analysis as M. Clo^z has done As far as 1 

am concerned, I would always prefer to admit having lost 0*2 per 

cent, of hydrogen, to calculating a formula requiring 2 25 per cent, 
of hydrogen less than had been obtamed by experiment. I would 
prefer this especially m analysing a substance like ethylene-diamine, 
attracting carbonic acid with the utmost avidity—a trace of whidi 
would veiy appreciably lower the ezpenmentiJ hydrogen—and con- 
taming so high a percentage of hydrogen, that the presence even 
cf a small quantity of water would produce a aomewhat amili* 
effect 
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The resaltft which M Cloes baa obtained id tbe analjaia of the 
hydrochlorate are not less m favour of my views He finds 1 28 per 
cent, of hydrogen more than required by his formula^ whilst ad- 
mitting my theory, he would not have lost more than 0 13 per 
cent 

1 have since examined several other salts of ethylene-diaminc, and 
the results fully confirm the conclusions drawn from my former 
analyses. It would be useless to quote these additional experiments, 
but 1 will mention tlie characteristic numbers furnished by the ana¬ 
lysis of the anhydrous base, since the dimmutiou of the equivalent 
exhibits in a more striking manner the differences between the 
theoretical values of the two formuise. Ethylene-diamine retains the 
water with the greatest energy, and it is m fact only by protracted 
contact with metallic sodium that it is possible to obtain this body 
ui the anhydrous condition. I give the numbers obtained by com¬ 
bustion, side by side with tlie theoretical values of the two formula * 


Carbon 

Hydrogen 


Formula of 
M Cloczt 
CfH,N 

41 37 
10 34 


Formula of 
Dr Hofmanu, 
C4H«N, 

40 00 
13.53 


Analrau 

40*13 
13 31 


These numbers require no commentary 
It u not, however, in the results of analysis that M Cloez finds 
the chief support of his views, he quotes an observation which at the 
first glance appears fatal to the diatomic notions. 

“ there ts/’ continues M Clooz, ** a capital fact (un fait 
capital) wAted completely eettlee the qaeetion at letue thi» le the 
tapouT^enmiy of the free baee *’ 

This density has been found by experiment to be 1 42 
** The theoretical deneity calculated for my formula^ referred to 
4 volumee^ te 1 315, Me modifiedJbrmula ofM, Hofmann^ hkewue 
referred to 4 oolumee^ givee the theoretical density of 2 699. 

** Theee resulte appear to me decieive, and I do not hesitate to 
maintain the formula the new eenes of bases^ qf which I fret 
pointed out the formation.** 

I entirely agree with M Clooz as to the importance of the deter¬ 
mination of the vapour-densities, but 1 certainly amve at a very 
dtfbrent interpretation of hu result. 

r2 
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Id repeatmg the espenmeut of this able chemiftt^ 1 have amved, 
RB might have been expected^ at exactly the same number But tliia 
number refers to the hydrated base, and it » easily seen tiiat the 
hydrated moleeule, when in the state of vapour, must occupy 8 
volumes In calculating the theoretical density correspoudiug to 
the diatomic formula when referred to 8 volumes, we amve at the 
number 1 35, which coincides in fact with the number obtained by 
experiment. 

It 18 obvious that under the influence of heat the hydrated base 
splits into anhydrous base (4 volumes) and water (4 volumes), 

C,H,oN,0, = C,U,N.+2HO, 

and that, instead of taking the vapour-density of the intact hydrated 
molecule, M. Cloez has determined the density of a mixture of an¬ 
hydrous base and water, which on cooling combined again, repro¬ 
ducing the hydrated compound. And here 1 must recall the observa¬ 
tions of several chemists, especially those of M Bmeait, of M 
Kekuld, and of M H. Saint-Glaire OeviUe, each of whom has had 
the opportunity of explaining the anomalous vapour-densities in the 
transitory deoompositiou of the compounds submitted to expenment, 
and 1 would quote particularly a note by Professor Kopp*, in which 
this distinguished physicist has treated the question of anomalous 
vapour-densities in a general manner 
In the rase before us, there is a very simple experiment, calculated 
to remove all hypothesis from the above explanation,—the detennma- 
tioii of the vapour-density of the anhydrous base 
The experiment made with a substance the punty of which had 
previously been proved by analysis, led to the number 2 00, which 
indeed absolutely coincides with the theoretical density of the 
diatomic formula C* referred to 4 volumes. This theoretical 
density is 2 07, whilst the formula of M Cloet, bkewise referred to 
4 volumes, requires the theoretical density of 1*00. 

The molecule of ethylene*dtatntne (formenamine) then, hke those 
of sB other well-cxanuned organic compounds, corresponds to 4 
volumes of vapour, and the vapour-density of the bm, far from 
militating against the molecular value which I assign to Uiia body, 
furnishes on the contrary an additional and moontestable argument 
in its favour. 

* Ann. de Chsm et de PUarm. ct 300. 
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The preceding remarks are, 1 hope, sufficient to establish the 
formuloe of the diatomic ammonias upon a solid basis 1 will there¬ 
fore only briefly allude to some results which 1 have obtained in 
studying the products of decomposition of ethylene-diamiue, and 
which are not less characteristic Submitted to the action of nitrous 
acid, this base is decomposed with evolution of lutrogen, in the first 
stage of the reaction on mdiffereat crystalline body is produced, and 
the final result of the process is a large quantity of pure oxalic amd 
The nitrogen evolved during the transformation is accompanied by a 
very volatile hqmd, the odour of which is somewhat similar to that 
of aldehyde. At the time when I made these experiments 1 really 
believed the liquid to be aldehyde, but since I failed m obtaining the 
crvstalhne compoond with ammonia and m transforming it into acetic^ 
acid, 1 abstained from mentioning this reaction in my note to the * 
Royal Society. 1 have now scarcely a doubt that the volatile liquid 
a as the oxide of ethylene, isomeric with aldehyde, since discovered 
by M Wurtz The transformation would be 

C* n, N,+2N0,»4N+C, H, 0,+4 HO 

In preparing the ethylene-duinnne for my expenments, I obtained 
as a secondary product a small quantity of the second base, which 
M CloCz has deaenbed as acetenanune, and for which 1 now propose 
the term diethylene-diamine. This base has exactly the same per¬ 
centage composition, whether viewed as a diamine or considered as 
the monatomic acetenamine of M Cloez The arndysis of the base 
itself, and of some of its salts, fhUy confirms the results obtained by 
that chemist But this hose is no primary monamine, it does not 
contain the radical acetyl, as supposed by M Clohz, it is a 

aeooudaiy diamine containing two molecules of ethylene. Aceten- 
amine, as conceived by M Clo^, should be formed by the action of 
chlonde, bromide, andiodideof vinyl (C^H^ Cl, H, Dr, H, I) upon 
ammonia. These reactions do not fomish a trace of the base in 
question. But there la a more concluaiTe proof of the diatomic 
nature of this body, the evidence of which will not be conteated by 
M. doflz,—this IS the determination of the vapour-density. Expen- 
memtgave the number 27. The dmioimc fonnub, N,, referred 
to 4 volumes of vapour, requires 2 9 Acoording to the monatomic 
view, a vapour-denaitj of 1 45 should have been fbu&d. 
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The preceding expenments, although fixing in a satisfactory 
manner the composition and the equiralents of the two diammoiiiBS« 
do not unveil their molecular constitution—their degree of substi¬ 
tution 

1 have endeavoured to solve this problem by submittmg them to 
the action of iodide of ethyl, a process which 1 have first used for 
similar purposes, and which has since become of general application 
This process, moreover, could not fail to furnish a final decision 
between the two theories 

In considcniig with M Cloez the two bases as primary monaraines 
belonging resjtecUvely to the formic and to the acetic groups, 


C,H 

11 

U 




11 

H 



It 18 evident that each of them must be capable of absorbing success¬ 
ively I, 2, or 3 equivalents of ethyl, and of yielding three ethylated 
bases, two volatile, and one fixed On the contrary, if the bases were 
products of the successive substitution of the same molecule for the 
hydrogen of two equivalents of ammonia, if they were respectively a 
pnmary and a secondary diamine. 


(C.H.)'' 

H, 


■N.. 


Xla 


ff 

n 



the first of the two must likewise give rise to the formation of three 
bases, whilst the second one would produce only two 

Experiment has venfied this latter anticipation. In submitting 
ethylene-dmmine to the dteniate action of iodide of ethyl and oxide 
of silver, 1 have succeeded m obtaining two volatile ethylated bases, 
and a third one, which is fixed. These compounds are well defined, 
their composition was establislied by the analysis of their iodides or 
their platmum-saltB Represented as Belts, these bases contain-— 


Salt of etbylene-diammonmm 
Salt of diethylated ethylene-diammomum 
Salt of tetrethylated ethylene-diammomum 
Salt of hexethylatadatbylene-diammomum 


N,]n^ 



m 


On repeating the same expenments with dicthylcne-diamine, per¬ 
fectly analogous phenomena were observed^ but the reaction yielded 
only one \olatile base, which was immediately converted into a fixed 
base Analysed in a similar manner, and represented as salts, these 
bases exhibit the following composition — 

Salt of diethylcne-diammonmm [(C^ N J” 

Salt of diethylated diethylene-diammomum [(C^ (Cj Hj, Nj" I,. 

Salt of tetrethylated dietbylene-diammonmm [(0^ 

The same result is accomplislied, but in a shorter and more elegant 
manner, by substituting iodide of methyl for its ethylated homologue 
Already, at an earlier period, 1 have shown that iodide of methyl has 
a remarkable tendency to yield the last product of substitution 
Thus, on treatmg iodide of methvl with ammonia, the iodide of 
tetramethylammonium is alone obtained, together with a very large 
proportion of iodide of ammonium The action of iodide of methyl 
with the ethylenated bases is perfectly analogous The last product 
of substitution 18 formed at once m notable quantity, and may be 
purified by a simple crystallixation I have obtained in this manner, 
without being embarrassed by the intermediate compounds, the iodide 
of hexmethylatcd ethylene-diammonium and of tetramethylated 
diethylene-diammonium 

These results require no further explanation 
In the present state of science we rely upon a certom number of 
considerations which guide us in the construction of a chemical 
formula These are,—tlie study of the origin of a body, analysis, 

observation of the physical properties, and especially of the boding- 
point, the determination of the vapour-density, and lastly, the exa¬ 
mination of its metamorphoses I have endeavoured to look at the 
question under discussion from these several points of view, experi¬ 
ment has given invariably the same reply 
It follows from this controversy that the diatomic alcohols imitate 
the monatomic alcohols m their deportment with ammonia Ethyl 
alcohol produces, as is well known, three ethylated ammonias, the 
mcdeeules of which occupy 4 volumes of vapour. 

Ethylamine H | N»4 volumes. 
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C.H. 1 

D.ethylamine C. II^ >N=s4 volumea 

H / 

C.H.'j 

Triethylaminc >N«4 \olumeB 


In a similar manner we find that glycol, the diatomic alcohol of 
ethylene, the discovery of which we owe to the remarkable laliours of 
M. Wurtz, gives rise to three diatomic base a, corresponding to 2 
molecules of ammonia, and representing likewise 4 volumes of \apour 

(C.H,)""'. 

Ethylcne-diamine IL >V.s«4 volumes 

n. / 


Diethylene-diammc 


Tnethylene*diamme 


eC.H,)" Vn,. 

H. / 

(c.ny'i 


b 4 volumes 


1 volumes 


The two first terms of this senes are the bases which M Clo6z 
discovered about six years ago, but the true nature of which he failed 
to recognize To complete the senes, it retnams only to examine 
the third volatile base and the oxide of totrethylene-diammonium 

The observations which 1 have the honour of submitting to the 
Royal Society comcide iii every point with the first note upon this 
subject which I presented nearly two years ago. 1 have simply 
earned out somewhat more in detail the sketch traced in mj former 
oommumcation 

In oonduBion 1 may state a fact which has also been observed 
by M Cloez, viz that the action of dibromide of ethylene upon 
ammonia gives rue to the formation of bases not directly belonging 
to the senes which we have discussed In searching for the method 
of punfymg the ethylene bases, 1 have been obliged to examine slso 
the terms of the other group, but since these substances do not 
necessarily belong to Uus part of the inqmry, I omit for the present 
to enter more fully into their examinatioD. 
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[I On the Forces that produce the great Currents of the Air 
and of the OceanBy Thomas Hopkins^ Esq Commu¬ 
nicated by *J P JouLB, LL D Received December 2 , 
1859 

(Abstract) 

In this paper the writer pointed out the fact that we have at 
present no satisfactory evidence m books of what are the immediate 
causes of the great currents of the air and of the ocean, and he 
maintained that the liberated heat of condensing vapour is the cause 
of these currents He then proceeded to show that all the great 
winds termmate in comparative vacua created in particular localities 
where much vapour has been condensed, and contended that such 
vacua enable and cause heavier air to press and flow towards the 
parts which have been rendered hght^—to re-establish the equihbnum 
of atmospheric pressure,—thus making heat the disturbing power 
lu the oenal ocean, and leaving gravitation to act to restore an 
equilibrium. The great pnmary currents of the ocean were also 
described^ and they were shown to be so situated as to be under the 
mfluenoe of the principal winds, which, m their passage over the 
waters, press on them, and force them forward as currents. These 
currents were maintained to be of a velocity, extent, and depth 
proportioned to the strength and continuity of the wind, showing 
that the pressure of the air on the water, whilst moving over it, u 
capable of producing the movement which takes place When, how¬ 
ever, water is put into motion, it may be obstructed by land, and 
turned from its direct course, and in that way be made to form 
aecondaiy currents But it was contended that beat of vapour, set 
free m the atmosphere, is the force which disturbs the equiUbnum 
of pleasure, and either directly or induectly produces all the great 
continuoua movementa that take place both in the atmosphere and 
the ocean. 

III. the Movements of Liquid Metals and Electrolytes in 
the Voltaic Circuit/' By Gboeoje Ooeb^ Esq. Commu¬ 
nicated by Pretfeaaor Tynjulx.* Received Deeembmr 1, 
1859. 

1 . It has tong been known that when a globule layer ctf pure 
YOt. X. a 



and €lear meroiuy i« placed upon a amooth non-metallic surfaoei a 
mtch^laes for example, and covered to a small depth with a wateiy 
dectrdyte, sulphuric acid in particular, and two terminal platmnm 
wires from a voltaic battery are dipped mto the electrolyte, one on 
each Bide of the globule, the mercury makes a movement towards 
the negative wire, and a rapid and emtxnmus stream of the super¬ 
natant liquid flows from the negative to the positive electrode over 
the surface of the mercury, and back again by the sides of the con¬ 
taining vessel Also that when a small drop of a watery electrolyte, 
especially sulphuric acid, is placed upon the surface of pure and dry 
mercury, the latter connected with the negative pole of a battery, 
and a platinum wire from the other pole momentarily immersed in 
the electrolyte, the drop of liquid is iuddenly repelled and spreads 
over the surface of the mercury 

2 These phenomena have been exammed by Herschcl*, Erman, 
H. Davy, Runge, Pfaff, and othersf, and some of the results have 
been recorded in the let volume of *Gmelin*B Handbook of Che¬ 
mistry,’ page 486 (published by the Cavendish Society), but no 
definite cause of the movements seems to have been discovered 
Herschel has, however, shown that the continuous movement of the 
supernatant hqmd is unaffected by the approach of strong magnets, 
and that it is influenced by the chemical nature of the electrolyte, 
also that its direction is notably influenced by the presence of vari¬ 
ous metallic impunnes m the mercury. 

3, Being desirous of ascertainmg the conditions under which the 
movements are produced, the relations of the phenomena to ordinary 
and recognised actionst^^and the more immediate cause or causes of the 
movements, Ihave undertakenthefoUowing expenmental investigation 

4. In describing the expenments 1 shall have frequent occasion to 
qieak of the continuous flow of the electrolyte, and of the sudden re- 
pulnon of drops of hquid already mentioned, and shall therefore 
spedc of the former os the eonttnuaue action or movement, and of the 
latter as the eudden or momentary one. Also m speaking of the conti- 
Quous motion, I shall call it posttiee flow or tnovement when the super- 

* ** Ob owtnn HoSlimi prodnoed ia Ftifid Condneton wHen WBaimlttlng the 
Ueetrio Current,** PhiL Trine 1B24. 

t Draper hu reoerded loaMi experiments of a limllar Uiid.*AltoiopliM 
HaVksine, 8 8 vtri. xxvl. p. 188. 
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natant liquid proceeds from the pontm wire towards the iMigatiTe 
oue, and ne^^aiwe flow, &c. when it passes in the opposite direction* 

5 The usual method of manipulation I hove adopted has been to 
take a watch-glass of about 2 inches diameter and place in it by means 
of a small gutta-percha spoon capable of contaimng from 20 to 50 
grams of mercury, a globule of that metal of about 30 grains weight, 
adding sufficient of the electrolyte to just cover or nearly cover the 
globule of metal, and sifting a few particles of finely powdered char¬ 
coal or asphaltum upon the surface of the hqmd, to facilitate obser¬ 
vation of the movements, next, using a Smee’s battery of 22 pauw 
of plates 4 inches deep and 2| inches wide with terminal platinum 
wires, charged with one measure of oil of vitnol and 15 measures of 
water, I place the end of the negative wire in the Uquid about ^J-th of 
an inch firom the mercury, and then carefully immerse the end of the 
positive wire in the liquid on the opposite side of the globule, at a 
greater distance from the mercury than the negative wire m the case 
of an alkalme solution, and at a less distance in the cose of an acid 
one, in order to prevent the mercury from touching the electrodes 
by Its movement and thos vitiating the first and purest result A 
pohshed oval space 2 inches long, f tbs of an mch wide, and f ths of 
an inch deep, with a curved bottom, formed in a thick plate of glass 
and substituted for the watch-glass, did not admit of such satisfoctoiy 
freedom of motion In doubtful cases of movement, a small porcelain 
boat, such as » used in orgamc chemical analysis, was sometimes 
employed instead of the watch-glass, and in certain special expen- 
ments a V-tube was employed In nearlj all cases the mercury gra¬ 
dually became impure, and therefore fresh mercury was taken for 
each experiment. 

A. Condthons of ihe Movmeni 0 

6. TVw substances are always required in these expenments, with 
one alone the movements never occur. 

7. To detennhie whether both the substances must be in a hpitd 
state 9-*-lst. A portioii of mercury in a watch-glass was connected 
with the negative pole of a batteiy and covered with a flat piece of 
pUtmum foil, a drop of solution of sulphate of potash was placed 
upon the foil and the end of the positive wire dipped into it. Nomove- 
Wtent, either sudden or oontmuous, of the solution or mercury took 
pSaee. On sabstitotiiig for the foil a circular piece of filtmng paper 
Tombbed all round its ed^ and covered with several drops of the 

s 2 
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solution of sulphate of potash, the sudden repulsions were produced 
readily, but were much less powerful than when the liquid was placed 
alone upon the mercnty* 2nd Two circular clean spaces, ^ an mch 
wide, were scraped with a knife upon a honsontal plate of zmc, one 
of them was amalgamated with mercury and left covered with a very 
shallow layer of that metal, the oUier was also amalgamated, but the 
excess of mercury was wiped off, each of the spots was now covered 
with a shallow layer of a weak solution of sulphate of alumina, the 
zuic plate connected with the negative plate of the battery, and the 
end of the positive platinum wire dipped in succession into the super¬ 
natant portions of liquid, the solution above the thin layer of hquid 
mercury was powerfhlly repelled on making the contact, whilst that 
upon the other spot was unaffected Similar results were obtained 
with a solution of caustic potash, also with a plate of tin 3rd. 
A portion of Newton’s fusible alloy was melted under a layer ^th of 
an inch deep of a solution of chloride of zmc, and the ends of the 
platinum wires from the battery immersed m the supernatant liquid 
until the alloy cooled and solidified, the zinc solution fiowed from 
the native towards the positive vnre as bng as the surface of the 
alloy remained m the liquid state, and ceased to flow immediately the 
surfkce of the metal solidified. Also a drop of a strong solution of 
caustic potash placed upon the melted fhsible alloy, the latter con¬ 
nected with the negative pole and the former with the positive pole, 
exhibited the usual momentaiy repulsions as long as the surface of 
the alloy remained fliud. 1 therefore conclude that hath the substances 
must be m a itstate 

8 . To ascertain whether both the substances must be toAductora 
i^eUetrtcity -—1st. 1 formed melted globules of phosphorus in warm 
oil of vitnol, also in a hot mixture of one measure of distilled water 
and two measures of oil of vitnol, and immersed the wires m the usual 
manner, but no motion of the liquid occurred. 2nd. No movements 
were obtain^ with a globule of bromine under warm oQ of vitriol, a 
large globule of bromine was placed m a porcelain boat, and dilute sul¬ 
phuric acid added until the bromine was partly covered, the wires 
were then apphed, but no movements took place. Also the addition 
of sulphur and of selenium to the bromme did not ensure a different 
effect drd. With a large globule of selemum under fhsed cblopda 
of zinc DO motion was obtamed. 4th. I made similar fxpertmenU 
with globules of chloroform, also of bunlphide ef carbon b ^tesid* 
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phurio acid, but obtained no morementa. 5th No movements took 
place with globules of chloroform in a solution of caustic potash or of 
sulphate of alumina. 

9 To determine whether one of the substances must be metalhe — 
1 st A definite layer of oil of vitnol was placed beneath a layer of 
distilled water weakly acidulated with sulphuric acid, and the terminal 
wires immersed in the upper liquid, no movements occurred at the 
boundary line of the two hquids. 2nd A dense solution of cyanide 
of potassium was placed in a smali glass beaker, a few particles of 
charcoal were sifted upon its surface, and a layer of aqueous ammonia 
i an inch deep carefully poured upon it A vertical diaphragm of 
thin sheet gutta percha was then fixed so as completely to divide the 
upper hquid into two equal parts, the vessel was placed in a strong 
light, and two honsontal platinum wire electrodes from 66 pairs of 
freshly charged Smee's batteries immersed -l-th of an inch deep lu the 
liquid ammonia on each side of the diaphragm A copious current of 
dectncily circulated, but no movements of the hquids at their mutual 
boundary hue could be detected A small globule of mercury placed 
m the lower liquid at once produced evident signs of motion One 
of the sabstances must therefore be a metalhe conductor of electricity* 

10 To ascertain whether the capability of producing these move¬ 
ments was a general property of metals and alloys when in the liquid 
state I—Ist. Bismuth was fused beneath a layer of chloride of zinc, 
tm was also melted under a similar layer, and the terminal wires im¬ 
mersed in the supernatant liquid, a steady negative flow occurred m 
eadi case 2nd. Cadmium was similarly treated under fused cyanide 
of potassium, and a positive flow obtained 3rd Cadmium, lead, 
Biita]inia*metal, and fusible metal were melted separately, small pieces 
of qyanide of potassium placed upon them and melted, the metal con¬ 
nected with the negative platinum wire, and the positive wire dipped 
into the melted cyanide; positive repulstons took place with each 
metal on making contact. I conclude from these experiments that 
the power of rotating under the influence of an ekctrolybc currant u 
a general property of metals and alloys when m a hquid state* 

11 That the man or My of the metal is not essential to the 
production of tlie movements, is evident from the foot that the move- 
toaents have been readsiy obtained with ihtn layere of mercury upon 
atmdgamated zino (7) and copper platra 



12 I bare endeavoured to obtain the movements vntbont the 
presence of an electrolyte, bj passing an electric current through a 
small globule of zinc fused upon the surface of bismuth, but the 
ready mingling of the melted metait, and their rapid oxidation, pre¬ 
vented a reliable experiment being made 

13, It has already been shown, in the instances of fused salts upon 
melted metals (10), that the presence of teafer is not a ne ce ssary 
condition of the phenomena 

14 The power of producing the movements is a genend property 
of electrolytes as well as of liquid metals, 1 have experimentally 
found it m the following classes of substances •—organic and in¬ 
organic acids, water; aqueous solutions of caustic alkahes*, alkaline 
carbonates, bicarbonates, borates, hypophosphites, phosphates, sul¬ 
phides, hyposulphites, sulphites, sulphates, bisulphates, iodides, bro* 
mides, chlorides, chlorates, mtrates, and silicates, salts of alkahne 
earths and of alumina, salts of tungsten, molybdenum, chromium, 
uranium, manganese, arsenic, and of the malleable heavy metals; also 
with fused salts, aqueous solutions of organic salts, and solutions of 
salts m alcohol. The salts of tungsten, molybdenum, chromium, 
uranium, and manganese, generally gave the weakest and most 
variable results, whilst sulphuric acid and solutions of alkaline 
cyanides yielded very strong and definite movements In feeble 
cases of motion the globule of mercury should be placed m a nanow 
porcelain boat, and a strong solution of the substance added until 
the metal is only covered at its sides with the liquid , and for stiU 
greater sensitiveness, the experiment of placing a drop of the liquid 
jxpon the Surface of the fnercury should be adopted 

15 The moss or body of the hqmd is not essential to the move* 
ments, mere films of solution adhering to the under surfoce of a 
eironlar disc of brass, brought into contact with merenry under the 
bflaenoe of a voltaic current, exhibited the phenomenon readily. 

16. To ascertain whether the current of eleotnaty must pan from 
the electrolyte into the metal, or mcsvsrsd:--* 1st. A layer of marcuiy 
was placed in a narrow glass beaker, upon it a diallow layer of ofalo- 
* Henoh*ll6QndaomovementswltbBoihitSfnitefoaxiitioslksUM(refeQnMlta’s 

Handbook, vdl i. pigs 490)) 1 have readily obtained them with pan menmiy in 
tohitiong of pure aUudiee by ueing atrong aoludone and a pouerfta eleetiie eamne, 
end pladugonly a tmsU quantity of the liquid abore the mereary toes to yso« 
dttce the miximum of eflbet. AttsUne solntiona in genenl act ameh more fbeUy 
hen soida 
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roform, and above this, in one instance a dilute solution of sulphate 
of alumina, and in ihe other instance, asolution of oaustic potash, 
and the wires fVom the battery dipped into the upper liquid, no 
movements at either of the contiguous surfaces occurred 2Dd 
Similar experiments were made, substituting in one case a definite 
layer of oil of vitnol with a very dilute solution of sulphuric acid 
above it, and in the other case a dense solution of chlonde of sine 
with a very dilute solution of the same salt above it, for the chloro¬ 
form and its supernatant liquid, in each case only feeble movements 
in the usual direction at the surface of the mercury occurred, the 
weakness of the movements was probably a consequence of the in¬ 
creased distance of the electrodes from the mercury 3rd The lower 
part of a V-tube of half an inch bore was jnst filled with mercury, 
and a small quantity of solution of cyamde of potassium poured mto 
each leg, on dippmg the polar wires, one into the solution of each 
leg, the sahne bqmd rapidly fiowed from the positive to the negative 
leg until it was \\ inch high in that limb From these experiments 
1 infer that the electnc current must pass from the electrolyte into 
the metal, or mce eersd’, and that the continuous movements are not 
results of any power radtaitn^ from the electrodes 

17 It IS not essential that the electnc current should pass both 
into and out of the metallic globule by the electrolyte, with a glo¬ 
bule of mercury in rather strong sulphunc acid and either of the 
polar wires immersed in the amd, the other wire being in contact 
with mercury, the movements occurred t also with the negative 
wire touohug a globule of mercury in a solution either of cyauide of 
potassium or strong caustic potash and the positive wire in the 
hqtad, movements were readily obtained. 

16. To asoertam whether the electrodes were essential to the 
movements, 1 placed a large globule of mercury in the middle 
part of a sUgbtly bent horisontal glass tube, 20 inches long and 
^ an mA diameter then filled the tube with a strong solution of 
cyanide of potaismm, and immersed the polar wires a short di- 
stanoe in the liquid at each end, a strong positive flow of the 
solution over the surfiute of tfie mercury occurred, but no movements 
took place at the sur&ces of the dectrodes, except such as were 
produced by the evolution of gas. The electrodes evidently operate 
memly as oonducton of the electricity, and are not, in an abstract 
sense, at all connected with the movements 



19 Hersohel has shown that the approach of strong magnets has 
00 effect on the motions (mde Gmelin’s Handbook^ toI i. p 490)» 
and 1 have also found that the movements are not electro-magnetic 
A watch-glass—containing in one instance a solution of cyanide of 
potassium, in a second instance a solution of hjdrochlorate of am¬ 
monia, and in a third instance oil of vitnol,—^was placed upon one of 
the poles of a vertical horse-shoe electro-magnet capable of sustatmug 
about 100 pounds, and the end of a large soil-iron armature 
which rested upon the other pole brought near the glass. The polar 
wires from the Smee*8 battery of twenty-two pairs were now immersed 
m the electrolyte on each side of the globule, and the magnet con¬ 
nected with a separate battciy of large surface. The direction of flow 
of the electrolyte was instantly changed to a circular one all round 
the glass, and was reversed by reversing the polarity of the magnet. 
In each case the direction oi motion of the electrolyte corresponded 
with that of the clcctnc current beneath it, » r. with a south pole 
beneath, the liquid moved in the same direction as the hands of a 
watch,—this circular motion was evidently a case of ordinary eketro- 
magnetic action, as it occurred equally well without the presence oi 
a hquid metal in the electrolyte No real connexion of the mag¬ 
netism with the movements under investigation was detected. 

20. To ascertain whether the movements varied with the quantity 
of the electric current, 1 prepared a single senes of sixty-six pain of 
Smee’s battenes, forty of which were chaiged with spnug-water, and 
the remamder with a mixture of one measure of sulphuric acid and 
fifteen measures of water The movements obtained on applying 
the current from the whole senes to very dilute sulphuric acid eon* 
taming a globule of mercury, were much more feeble and the amount 
of electrolysis much less than when the current from the twenty-*six 
strongly-cdiarged pairs alone was applied. On suhstitutug diatiUed 
water for the dilute acid, the movements were stronger and the 
ekctrolysis greater with the whole senes than with the twenty-six 
pairs. In all cases the movements appear to be dependent upon 
the quaatiiy of electricity mrculatmg 

21. It IS highly probable, from the expenments just described, that 
the movements are intimately dependent upon eleotro-chemioal actum 
oeenmng at the surface of the liquid metal, especially as the amount 
cf motion varies with the quantity of electneity which passes ftom 
the decirolyte into the metal, or rice vend , and it would be very 
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desirable to obtain a negative proof of this by an experiment with a 
globale of one liquid metal tn a bath of some other liquid metalj as 
already attempted (12) 

22 With every liquid yet examined the movement of the liquid 
has invariably been attended by a aimultaneous movement of the 
fluid metal , and the greater the movement of the liquid the greater 
was the movement of the metal, from wluch 1 mfer that the move¬ 
ments of the two Bubstauces are mutually dependent 

23, The results m general mdicate that the oudden movements 
are of tlie same general character as the ron/iiivous ones, the effect 
in the former case being heightened by the concentration of the 
electric force within a small compass, together with the additional 
electric energy always displayed at the moment of making contact 
with a battery 

24, The movements require for their production two substances 
(6), both these substances must be in a hquid state (7), and be 
conductors of electricity (8), one of them must be a metal or a 
metallic alloy (9), any metal or alloy will do (10), and only a mere 
film of it 18 essential (11), the other must be an electrolyte, and 
need not contain water (13) : any electrolyte will do (14), and only 
a tbm layer of it ts requisite (15): the electnc current must pass 
from the electrolyte mto the metal, or vice vend (16), but need not 
pass both mto and out of it by the electrolyte (17), the electrodes 
are not essential (18) , the movements are not electro-magnetic (19), 
they are dependent opoxi the quantity of the electnc current (20), 
and are intimately connected with electro-chemical action (21) , the 
movements of the metal and electrolyte are mutually dependent (22), 
and the momentuy movements are of the same nature as the oon- 
tumoos ones (23) 

25. The pure or abstract oonditions of the production of the phe¬ 
nomena arei-»a hquid metal (or alloy) in contact with a Hquid elec¬ 
trolyte, and a quantity current of electricity passing between them 

B. Ctmdttuma qf the conimxiBXxce o/the Movemeniv, 

26. With regard to the continuanoe of the movements*—Ist 
In some cases the metal becomes covered with an insoluble film, 
produced by ordinary chemical action of the liquid, which prevents 
the continuance of the action, this occurs parfaicularly with merouiy 
in strong solutions of sulphides, iodides, bromides, and chlorides. 
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2 iid If the positiTe wire is connected with the mercury and the 
negatiTe wire with the liquid previous to placbg both the wires in 
the electrolyte, films are in nearly all cases instantly produced (but 
not with strong sulphuric acid) and interfere with fiirther action, 
films are also frequently produced by a similar cause upon die end 
of the mercury nearest to the negative wire when both the wires are 
in the solution, and in many such cases the mercury creeps in a pecu¬ 
liar seipent-hke form beneath the film towards the negative wire 
drd. In many instances the metallic globule becomes of a pasty 
consistence by absorbing substances deposited upon its surface by 
electrolysis, and the motion declines, this takes place particularly 
with mercury in solutions of salts of ammonia, baiyta, strontia, 
magnesia, and lime, but most with those of magnesia and kme, and 
it occurs very rapidly if, instead of placing both the polar wires in 
the electrolyte, the negative wire is immersed in the globule of 
mercury It is evident from these facts, that it is essential to the 
contmuance of the movements, that the particles composing the sur¬ 
face of the metidlic globule should retain a sufficient degree of mo¬ 
bility to admit of free motion 

27 The best method of obtaining a eontinmw movement is to 
place a globule of pure mercury in a watch-glass, barely cover it 
vnth dilute sulphuric (or nitric) acid, connect it with the negative 
platinum wire and the liquid with the positive platinum wire of a 
battery of sufficient power to produce a moderate flow without over¬ 
heating the liquid ten small Smee’s batteries are sufficient By this 
means I have obtained undimiuished motion for upwards of six hours 

C of the direction of the MovomenU 

26. In speakmg of the dtreetum of the movements, 1 always 
mean those of the supernatant hqmd, unless otherwise stated, because 
the true movements of the mercury are generally less easily detected 
than those of the electrolyte * the movements of the liquid are best 
observed by means of charcoal or asphaltum (5), and those of the 
meronry by the aid of a few parallel scratches upon the under sur¬ 
face of the watch-gjlass. 

29. The directions of flow of the metal and hquid are intimately de¬ 
pendent upon each other, for in every instance the metal moves m an 
opposite direction to the electrolyte (see also 22), and in those oasm 
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where two opposite flows of the liquid towards the centre of the rend 
occur (as with a solution of sulphate of potash), the globule of 
mercury is elongated at both ends into a pointed shape, and its two 
ends point toward the two electrodes, its largest diameter being 
directly under the point of meeting of the flows of the solution, and 
its acutest apex under the strongest flow The relation between the 
metal and liquid is apparently of a dual or polar character, the more* 
ments of the two bodies being always opposite and equal. This 
mutual dependence of the motions explains the necessity of both the 
substances bemg in a liquid state (7) 

30 With regard to the Areetton of the flows, there are three 
cases to be distinguished —1st The movements obtained by im¬ 
mersing the negative wire in the metal and the positive one in the 
electrolyte 2nd Those obtained whilst the positive wire is in the 
globule and the negative one lu the electrolyte 3rd Those pro¬ 
duced by immersing both the wires in the supernatant hqmd with 
the globule between them 

31. Upwards of 150 different liquids, including organic and m- 
organic acids, alkalies, salts of alkalies, earths and heavy metals, also 
orgamc salts, were examined by the first of these methods, and in 
almost every instance the flow of the supernatant hqmd was ponftve, 
the clearest exception being with a solution of persulphate of iron 
With concentrated sulphunc acid the motion (if any) was very feeble, 
but with diluted acid of various degrees of dilution it was strongly 
positive The flow of the liquid declined quickly with solutions 
which contained an alkali-metal, apparently m consequence of the 
mercury becoming less mobile (^) by absorption of that metal, 
but with dilute amds it contmued a long time, with very dilute nitnc 
and, in one experiment the movement was sustained with scarcely 
aiqr diminution during 2^ hours, and with dilute sulphunc aad, 
in a aeoond experiment it continued 6^ hours, and did not then 
appear to slacken: the battery employed in tins expenment con* 
•isted of ten small Smee’s elements A ^obule of strong sul¬ 
phuric add was placed upon a surface of mercuiy, the latter 
connected with the negative pole, and the end of the poSiUve 
wire dipped mto tiie acid, much gas was evolved fran the anode, and 
the liqmd was not tilled on making contact, but coUeoted m a 
heap around the wire;—^ globule of solution of caustic potarii 
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nmUarly treated exhibited repuleion on making contact It » 
endent from these tmiform results that the direction of flow obtained 
by immersing the positive wire in the electrolyte and the negative 
one m the mercury is almost uniformly/ mmi/ tee. 

32^ The movements obtained by this method are not produced by 
the act of deposited substances dissolving in the mercury, for they 
occur equally well whether hydrogen gas ts set free and escapes or 
alkali-metal is deposited and dissolves in the mercury, until m the 
latter case the diromished mobility of the globule interferes with the 
result* 

33 Considerable difficulty was experienced in examining liquids 
by the second mediod, m consequence of the rapid and in many cases 
instantaneous oxidation or filming of the metallic globule, but by 
using very dilute liquids and tmmersmg the negative wire from 
seventy-two small Smee's elements during only a moment at a time, 
this difficulty was in most cases sufficiently overcome to allow di¬ 
stinct starts of the mercury to occur in the particular direction 
beneath its film, and thus to indicate an opposite motion of the 
aupemotant liquid, although m nearly all cases the movement of the 
deotrolyte itself could not be detected. Upwards of 100 liquids, 
oonsistmg of oiganic and inorganic compounds—acid, alkahne, and 
neutral—were examined, and m more than three-fourths of them di¬ 
stinct movements of the metal were obtained, which were in every 
instance m a positive direction, thus mdicating a ntgaUvt flow of 
the electrolyte In some liquids, viz oil of vitnol, moderately di¬ 
lute nitno acid, strong solutsons of sulphate of ammonia, iodide of 
ammonium, and sulphite' of potash, very dilute solutions of hisul- 
phate of potash, iodide of potassinm, mtrate of cobalt, hydro¬ 
cyanic acid, cyamde of potassium, and acetic acid,—visible move¬ 
ments of the liquid itself m a negatm direction were also ob- 
tamed. The movements of the hquid and of the metal veiy quickly 
ceased* These experiments show that the direction of flow ob- 
tdned by placiiig the positive wire m the metal and the negative 
wire m the electrolyte is always negatw^ 

34. The movements obtained both by methods 1 and 2 appear to 
be produced by a mutual attraction of the liquid and metal % m the 
former case the merouiy attracts an electro-positive element of the 
hquid (hydrogen or an alkah-metal), and produces a positive flows 
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and in the latter am it attrmcta an electro-negaUve element (generallj 
oxygen), and produces a negative flow. 

35 llerschel found by the third method of operating, that with 
pure mercury in acids and saline liquids the flow was negaUve, and 
was weaker as the base was stronger, and more rapid as the acid was 
stronger and more concentrated, and that in solutions of nitrates 
two opposite flows occurred, one from each wire (vide Ginelin’s 
Handbook, i. 490) 1 have found by an examination of pure 

mercury m various liquids the results exhibited in the following Table 
The arrows indicate the direction of flow of the liquid, ^ being po¬ 
sitive and negative, and the numbers affixed to them afford a 
rough approximation of the velocity or magnitude of the movements 
The battery employed consisted of twenty-two small Smee’s elements 
The substances were dissolved in water, and the solutions wore of mode¬ 
rate strength unless otherwise stated Manifestly impure substances 
were rejected, and fresh mercuiy was taken for each expeninent. 
The results obtained were in many cases verified several times 


Distilled Water faint 


Boramc Acnd 
Phosphono Amd 
Strong Sulplitirio Aoid 
Strong Sulphuriti 
Aoid 1 measure 
Water r> „ 
Sbong Biilphnno ) 
Arad 1 measure | 
Water 15 j 

Strong Hydriodie 
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Water 15 
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Hydtobromio Arad, 
very dilute 
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Strong HydfO(ddorio' 
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Water 16 „ 




Perohlorio Arad, very 

dilute • 

StrongHydroflttonoAdd -«•> 


Strong 

Arad 

Water 
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Strong Kitnc Aoid, 
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Water 1 . 

Strong Nitrio Arad, 
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Aqueous Ammonia, 
strong 
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Phosphate of Ammonia 
Sulphide of Ammo-1 
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Water 16 „ J 

Sulphate of Ammoma -f * 
Hydicddatate of Am¬ 
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Nitrate of Ammoma , 

Caustic Potash 


+-* 
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OvboiMto of Foteftb ^ ^ 

Buwrbonote of Potoah h* ^ 

Sulphide of PotMuump 
dilate 

Sulphite of Potash ^ > 

Sulphate of Potaah ’ 

Bssulphate of Potash - 4 ^ > 

Iodide of Potaasiom ^ > 

Bromide of Potassium ^ 

CJhloride of Potassium -f ^ 

Chlorate of Potash -i* > 

Nitrate of Potash -i- > 

Caustio Soda 

Oorbonate of Soda -i- ^ 

Bicarbonate of Soda -i- > 

Biborate of Soda 
Diphosphate of Soda 
Sulphide of Sodium, 
dilute 

Hyposulphite of Soda i 

Sulphite of Soda 
Sulphate of Soda andtlien 


Ohlonde of Sodium 
Nitansto of Soda -^9 

Phosphate of Soda and 
Ammonia - 4.1 

Baryta Water 
Carbonate of Baryta 
Ohlonde of Banum 
Nitrate of Baryta > 

Stnmtia Water * 

Ohlonde of Strontium ^ 9 


Nitrate of Stroutia h> 

Sulphate of Magnesia 

Ohlonde of Magnesium, 
strong -. 1 . 

Chloride of Magnesiam, 

Nitrote of Magnesia, 
strong 

Nitrate of Magnesia, 
wesdi ^9 

Isine Water 

Sulphate of Ume h .9 


4- • 
4-» 



4 -> 



4 -« 

4 -« 




Ohlonde of Calaum -f ^ 
Ohlonde of Coloium m 
Alcohol •+' 

Nitrate of lame -4> ^ 

Sulphate of Alumina -f * 

Potash Alum h- * 

Hydroduosihcio Acnd -i. ^ 

SUiuate of Potash 


Molybdate of Ammonia - 4 . 
Clilorido of Chromium, 
very weak - 4 - ^ 

Monochromato of Potash -f* 
Nitrate of Uranium ■ 4 . * 

Sulphate of Manganese - 4 * 
Arsenic Acid -f ~ 

Arsoniate of Ammny ^m ^ 8 

Pluoride of Antimony -**9 

Antunoniote of Potash * 

Nitrate of Bismuth 9 

Sulpliato of SSinc -»■« 

Iodide of Zinc, strong 
Nitrate of Zinc 
Iodide of Cadmium -*■ - 

Iodide of Tin, strong - 4 -® 

Nitrate of Lead -fS 

ProtoBulphate of Iron h.« 

Persulphate of Iron -f. 
Ohlonde of Cobalt, weak -+ 
Nitrate of Cobalt - 1.3 

Sulphate of Nickel ^ * 
Nitrate of Nickel 3 

Sulphate of Copper, weak •+ 
Ohlonde of Copper, Tory 
weak H- 

Nitrate of Copper » 

Nitrate of Mercury - 4 . i 
Strong Aqueous Hydn^ 
oyanio Acid 

Strong Aqueous Hy-'j 
drocyanio Acid, 

4 measures 
Aqueous Ammonia, 

1 measure > 
P^de of PMassium 
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Stvong Aqueouft Hy* 
drocyanic Acid. 

5 meararm 

Cauvbf* Soda Solution^ 

1 measure 

CTyantdo of Mercury 
Ferrooyaiude of Po- 
Uueium 

Sulphocyanido of Po- 
tasttum 
Oxalio Acid 
Oxalate of Ammonia 


hfamt 


Aad Oxalate of Potaah 



Citnn Acid 


Neutaral Oxalate of Potaeh 


+- » 

■Suoanio Acid 

-►< 

Formic And 



Gallic Acid 


Acetic Aad 

-#.8 


Pyrogalhc Acid 

-f-d 

Acetate of Potash 

H-8 


Carbazolu Atid 

■^4 

Acetate of Soda 


^-8 

Benzoic Acid 


Acetate of Baryta 

- I -* 

4 -* 




Acetate of Uranium 
Acetate of Zmc 
Acetate ofljeod 
Acetate of Copper 
Tartanc Aoid 
Monotartrate of I’oltish ^ 
Bitartrato of Potash -i- ‘ 

Bitartrate of Boda -i- ’ 

Turtrato of Potash and 
Soda 

Tartrate of Potash and 
Antunony 


Kfamt 

*■1 

yi -h » 


Numerous interesting phenomena of motion and of colour, especially 
with solutions of salts of the earth-metals and with metallic iodides, 
were observed during the examination 

36. On examining these numerous results we find *—1st That all 
alkaliea and some alkahne salts produce a positive flow only 2nd 
That some alkahne and many neutral salts produce both positive and 
negative flows. 3rd. That some neutral and many acid salts, 
and nearly all acids, both orgamc and inorganic, produce a negative 
flow only. The stronger influence of acids, compared to that of 
dkabes (14, Note) lu the production of these movements, is pro¬ 
bably the reason why various salts of alkaline reaction give a negative 
as well aa a positive flow, and why many neutral salts oontaimng a 
atroDg acid (chlorides, fbr example) give a negative flow only No 
aubstanoe of alkaline reaction haa been observed to give a negative 
flow only, nor any strongly acid substance to give only a posidve 
flow. An alkahne or electro-positive substance as the electrolyte, 
produces therefore by the 3rd method a poetHve flow, and an aad 
or deotro-negative subsUnee produces a negative flow. Numerous 
analogies may be detected in the behaviour of similar salts on ex¬ 
amining the Tnble. 

37. The movementa obtained by the 3rd method ippear to be 
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results of a similar mutual attraction of the meroury and the ele¬ 
ments of the hqmd to those obtained by methods I and 2 The 
meroury moves towards the cathode in acids because its positive end 
has acquired, by the aid of the electric current, a stronger affinity for 
the negative element of the liquid than its negative end has for the 
pontive element, and moves towards the anode m alkalies because 
Its negative end has acquired a stronger attraction for the positive 
element of the liquid than its positive end has for the negative ele¬ 
ment. I do not, however, give etthtr ihw or the previous ezplana- 
turn (34) at an aseertmned fact, hat merely as a temporary hypo~ 
Mens to atd further invesUgatton 

38 The amount of positive flow produced by the 3rd method in 
strong aqueous hydrocyanic acid, or strongest solution of ammonia, ts 
comparatively smell, apparently on account of their inierior electric 
conductivity, but if the smallest amount of ammonia is added to the 
hydrocyanic acid, the positive flow obtained is very strong, also, if 
instead of ammonia a small quantity of caustic potash, soda, baryta, 
strontia, magnesia, lime, or even alumina is added to the acid, similar 
effects are produced a httle strontia or hmc causes the nearest part 
of the mercury to dart up the watch-glass more than half an inch 
towards the positive electrode, if the battery is sufficiently strong. 
Silica had no effect. The addiUou of oxide of xinc, dioxide or 
protoxide of copper to the sold, reversed the direction of the flow, 
and dioxide of mercury nentralixed the positive movement and 
dimimsbed the conduction The strongest positive flows obtained 
by the 3rd method were with strong solutions of alkalme cyanides, 
and the strongest negative flows with sulphuric acid. 

39. The behaviour of liquids upon mercury m Y-tubes by the 
three methods is not essentially di^rent firom their behaviour m a 
watch-f^, the former, indeed, may be safely predicted from the 
latter. Suffiment pure mercury was placed in a V-tube of half an 
mdi bore just to fill it at tiie bend, thm a strong solution of sidphaie 
of alumina poured upon it half an inch deep in each leg, on con¬ 
necting the platinum wires from twenty-two pairs of small Smec’a 
batterm with the solutions in the two legs, the hqmd at onoe flowed 
from the negat%ve to the pomitve kg, but by lowenng the aegative 
wire into the mercury, it flowed from the positive to the negative leg: 
no flow of the hqmd was produced by placing the poaitivie vrire in 
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the mercury and the negative one in the solution of the negative leg. 
If the mercury was too deep to allow the liquid to pass^ the solution 
insmuated itself down the sides of the mercury m the positive leg 
(the positive wire being in the solution, and the negative one in the 
mercury) , but by using a suitable depth of mercury, the whole of 
the liquid flowed from the positive into the negative leg This is 
the usual behaviour of an aexd hquid (or of one m which the nega* 
tive flow of method 3 predominated) with a smtable quantity of 
mercury in a V-tube With a strongly alkaltM hquid the only 
difference of behaviour is, that when the two wires are in the solu¬ 
tions of the two legs, the liquid flows from the pontive to the 
itve limb (see 16), t. e opposite to the direction of flow with an 
acid. 

40 There is a fixed relation between the direction of the electnc 
current and the direction of each of the classes of movements, for m 
every case where the former is reversed, the latter also becomes 
reversed, but this effect is, of course, not observable in those cases of 
method 3 where two opposite and equal motions to the centre of the 
metallic globule exist. 

41.1 have examined the influence of the chemical nature of the 
metallic globule upon the movements obtamed by the 1st method, in 
the followmg manner. The globule of mercury was first connected 
with the positive pole and Uie liquid with the negative pole for about 
ten seconds, and then the wires placed as m method 1; a tew^orary 
n^attee flow was produced for a few moments with certam liquids, 
apparently m consequence of the mercury absorbmg a mmute portion 
of an electro-negative constituent of the solution (T), and that sub¬ 
stance causing a negative flow m the suoceedmg operation until the 
whole of It was redissolved. Hie following hqmds exhibited this 
phenomenon of reversion —^very dilute solutionB of mtnc acid, nitrates 
of ammonia, potash, soda, baryta, strontia (not of magnesia, appa- 
raitly on account of viscosity of the mercury being produced), hme, 
zinc^ lead, cobalt, mckel, copper, and dioxide of mercury; also 
sulphates of ammonia and potash; hypophosphite and diphosphate 
of soda, and, strongest, the alkahne mtrates but not dilute solu- 
tums of caustic potash, soda, baryta, or hme s carbonates or bi- 
carbonatei of potash or soda, carbonate of baryta, chlorides of 
ammonium, potassium, sodium, barium, itrontrom, magooflum, or 

vot. X. T 



262 


calcium; iodide or bromide of potassium, sulphites of potash or 
soda, biboratei hyposulphite, or sulphate oi soda, sulphate of 
lime; arsenic acid, cyanide of potassium, oxalate of ammonia The 
battery used was a senes of 72 small Smee's elements It appears 
from these expenments, that the direction of flow obtained by im- 
mersiug the positive wire m the electrolyte and the negative one in 
the globule is strongly influenced by the chemical compoution of 
the metallic globule 

42. The chemical nature of the globule exercises an equally 
powerful influence upon the direction of the movements obtained by 
the second method If the mercury was first connected with the ne- 
gative wire and the solution with the positive wire fbr a few seconds, 
and then the connexions reversed or made as in method 2, a iemporary 
and strong pontwe flow of the electrolyte for a few moments was 
obtained, apparently m consequence of the mercury absorbing a 
httle alkah-metal or other electro-positive constituent of the hquid, 
and that substance causmg a positive flow of the solution until the 
whole of It was redissolved. This positive flow did not occur while 
there was above a certam quantity of the alkah-metal lu the mercury. 
The reversions were obtained in the following hquids.—dilute and 
strong solutions of caustic potash, weak solutions of caustic soda, 
baryta, and hme, carbonate of baiyta; chlorides of potassium, 
sodium, banum, strontium (not of magnesium, owing to viscosity 
of the globule), and calcium, iodide and bromide of potassium; 
sulphites of potash and sodas biborate, hyposulphite, and sulphate 
of soda, sulphate of hme s arseme acid, cyanide of potassium i and 
oxalate of ammonia, Amo ^ solutions of hypophosphUe and diphos¬ 
phate of 8oda}-*-but not ihwj dilute nitnc acid, nitrates of am¬ 
monia, potash, soda, baryiv1|rontia, magnesu, hme, uranium, sine, 
cobalt, nickel, copper, or dioxide of mercury, sulphates of ammonia, 
potash, or alumina. It is worthy of notice that these two senes are 
almost precisely the reverse of those named with method 1 (41) s 
s. e. those liquids which have the property of reversing the flow of 
one method have not that property with the other method, except 
hypophospfaite and diphosphate of soda. The explanatiou suggested 
(34), of the cause of the true movements of methods 1 and 2 does 
not appear apphoable to these phenomena of revamon. 

43. Herechel has shown that with pore merouiy m atdntw M of 
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alkaliefi or of sulphate of soda (otde Gineliu*s * Haudhook, u 490,492), 
if a little alkali-metal be introduced into the globule by connecting 
the latter for a few moments with the negative wire (the other wire 
being in the solution), a ponttv 0 flow occurs on placing both the 
wires m the electrolyte with the mercury between them, and con* 
tinnes until all the alkah-metal is redissolvcd, and that similar effects 
are produced by adding small quantities of an easily oxidizable metal 
to the mercury—for example, potassium, sodium, banum, xinc, iron, 
tin, lead, or antimony, in the order given, but not by bismuth, 
copper, silver, or gold I hare found that zmc added to mercury 
under a solution of sulphate of potash changed the direction of flow 
from positive and negative (obtained by method 3) to positive only, 
cadmium did the same, but more feebly, and tm still more feebly, 
bismuth had no apparent effect, but by using treble the electnc 
power its effect was also similar, antimony also the same, gold had no 
apparent effect even with a current from 72 pairs of Smee's elements 
No positive flow was obtained by connecting the mercury with the 
negative wire and the solution with the positive wire for a short time 
m a hquid consisting of acid and water, and then placing both the 
wires in the electrolyte. Although there are many hquids (most of 
those which contain an alkah-metal) in which a temporary ponttve 
flow (or tnereoM of positive flow) may be obtained by the 3rd me¬ 
thod by firat placing the nepaitte wire m the mercury for a short 
time and then returning it to the electrolyte, there are but few 
(among which are diphosphate of soda and arseniate of ammonia) 
m which a temporary flow is produced by placing the 

pottiwt wire m the mercury and then returning it to the solution 
It has been constantly observed with method, that punty of 

the mefoory u essentia] to the produotbu (ff uniform results. From 
these various facts it appears that the chemical nature of the metallic 
globule strongly influences the direction of the movements obtamed 
by method 3; also that an electro-poative globule produces a 
ponttve flow, and an dectro-negative substance dissolved in the 
uereuiy produces a negative flow^ 

44 In some instanoes of the Srd method—for example, with solu¬ 
tions of ddonde of magnesumr and nitrate of magnesia (35, Table), 
even the degree of dilution appears to determine the dmotion of the 
metKm« No variation jh the directum of the movement obtabed by 

T 2 
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Mther method «m obeeired on varying the strength of the electric 
current, or on varying either the actual or relative dutanoea of the 
electrodes fWim the metallic globule 

45. The presence of an electro-positive metal in one portion of 
the surface of the mercury will (by generating a small electric 
current) sometimes cause rotation of the electrolyte after the battery- 
wires are removed, especially if tbe mercury is touched with a pla¬ 
tinum wire beneath the surface of the liqmd, this is seen most 
frequently with mercury into which some alkali-metal has been 
deposited 

46 The general phenomena of the movements may be briefly 
redesenbed thus *—A When both the wires are in the electrolyte, 
and the mercury between them, several cases occur: 1 With a 
strongly alkaline liquid, a pontiee flow of the solution from the 
positive wire over the mercury to the negative wire occurs; 2 With 
a strongly aeid liquid, a negative flow of the solution takes place, 
and 3. With a solution of a neutral or shgbtly alkakne salt, espe¬ 
cially of a salt composed of a strong acid and a strong base, two 
flows occur, a negative one from the negative wire towards the centre 
of the mercury, and a positive one from the positive wire towards 
the centre of the mercury,—the negative one being generally the 
strongest. If in this 3rd case the mercury contains any impunty, 
or if a substance be caused by mj means to dissolve in the mercury, 
the movements are notably affected an electro-positive substance 
(nnc, alkali-metol, Ac ) increases the poutive flow so as partly or 
eompletdy to overpower the negative movement, and an deetro- 
negative sabstanee increases the negative flow, in a few mstanoei^ so 
w to overpower the positivejnovement. These influences are also 
ftequendj detectable when^nids are used of alkaline or aotd reao- 
tim, as m eases 1 and 2. 

B When the ni^gative wire is in the mercury and the positive 
one In the liquid, two coses ooonr* 1. With pure mcnraiy, tbe 
modon IS positive in nearly dl liquids, whether aeid, alkali, or 
neutral; and 2. With mercury oontaming a small amount of an 
dectro-negatlvasubfitaiioe, imparted to it by reveramg the connexions 
of die wires for a diort time, a temporary negative flow u prodneed 
in certain Uqiuds» diiefly mtrates, but not in eertoin other liqidds, 
C, When the podtive wire la in the mercury and the negative 



255 


one in the liquid* eleo two cases occur. 1. With pure mercury* 
the motion is uegatiTe in all liquids—amd* alkaline* or neutral, 
and, 2. With mercury containing a mnM quantity of an electro- 
positiTe substance imparted to it by reversing the connexions of the 
wires for a few moments, a temporary and strong positive flow is 
produced in certam liquids and not m certain othera—and these 
hquids are almoat precisely the reverse of thc^ uamed under B, 2. 

The general influence of electro-positive substances dissolved in 
the globule is m all classes of cases to produce a positive flow, and 
of electro-negative substances to produce a negative motion, and 
the influence of electro-positive substances dissolved in the liqmd 
IS, in cases of A only, to produce a positive flow, and of electro¬ 
negative substances to produce a negative flow 

47. l^e pnmary motions of the hqmd and metal are, m all casesi, 
wholly at their eurfaeee of mutual eontaet , whilst the movementa 
observed are only secondary effects, useful m enablmg us to infer 
the direction of the onginal motions • the maeeee of liquid and 
metal serve merely as conductors of the electricity, and as stores of 
material for supplying the acting surfaces The movements obtained 
are singularly symmetncal, probably m consequence of their essen¬ 
tially dual or polar character 

48 The essential nature or principle of the movements appears 
to be electro^ehemtcal mofton, i. e definite motion directly produced 
by electro-chemical action. 

49 To lUostrate the action, 1 have constructed an apparatus 
consisting of two pairs of electrodes of platmum foil and mercury, 
suspended at opposite ends of two copper wires upon a central pivot, 
and rotating m an annular channel Wgd with dilute sulphuric acid, 
but the power was too feeble to product revolution of the neoessaiy 
movtBable parts t it was not more than sufflment to produce a manifest 
tenden^ to motion. 

In conclusion, 1 beg leave to suggest a trial of the sudden starts of 
the mcrauy by momentaiy currents as signab in electro-tdegraphic 
apparatus 
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January 19^ 1860 

Sir BENJAMIN C BBODIE^ Bart, President, in the Chair 

The following communications were read.— 

I '^Abstract of a senea of Papers and Notes concerning the 
Electric Discharge through Rarefied Oases and Vapours'' 
By Professor PlOcksr, of Bonn, For Memb B 8 Re- 
eened December 6, 1859 

1 Action of the magnet on electne eurrenie tranmnitted through 
tubee of any form 

The action exerted by a magnet on the lummons electnc discharge, 
passmg through a tube or any Tessel of glass which contams residual 
traces of any gas or rapour, may he generally cxplamed, if we regard 
the discharge as a bundle of elementary currents, which, under the 
influence of the magnet, change their form, as well as their position 
withm the tube, according to the well-kHown lam of electro-mag- 
Bdie action, 

The concentration of the discharge into one free arch only takes 
place fthe arch be allowed to conetUute apart of a line ofmagneteo 
force [According to theory, tiiere is no electro^magnetic action at 
all exerted on any element of a linear electnc current which proceeds 
along such a hne ] This condition, for instance, is fulfllled in the 
case of an exhausted sphere of glass, throng which the discharge is 
sent by means of two small apertures, if the spliete be put on the 
iron pieces of an electro-magnet in such a way that the two aper* 
tnres comoide with any two points of a line of magnetic force. 

There is another case of daotro-magnetic equihbnom, which takes 
place if the current proceed along an ** ^ibdlie carve," t c. along 
a curve, falling within the interior Burfiuie of the vessel, whose 
elements, regarded as dements of an electric current, are perpendi* 
cnlar to the direction of the dectro-magnetic fbroe and impelled liy 
this force towards the surface. An exhausted cylindrical tube, when 
equatonally placed on the iron pieces of the dectro-magnet, presents 
the simplest instance of this case. All elementary currents are con¬ 
centrated by the magnet along one sira^ht hne^ which, aooordmg to 
the direction of the discharge and to the magnetic polarity^ occupies 
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either the highest or the lowest position within the tube When the 
AXIS of the tube makes an angle of 45^ both with the axial and 
equatorial direction, the epibohc eunre is found to be a fine spiral. 

If neither of the two conditions mentioned above can be fulfilled, 
« e if the current cannot proceed either along a free magnetic or an 
epibohc curve, no vo/tatc arch wxU ho ohtainod , f Ae current will he 
dieturbedp and tie Itghi dxffueed This, for instance, is the case when 
the above-mentioned cjhndncal tube is placed axiallj on the two 
poles of the magnet there will be seen above each of these poles a 
luminous epibohc straight line, lying withm the honzontal plane 
which passes throogh the axis of the tube, one on each side of this 
axis, but there exists neither a line of magnetic force nor an opj- 
holic curve, joining the extremities of the two epibohc straight lines 
between the poles, hence diffusion of light 

There are oilier classes of phenomena not at all indicated and ex¬ 
plained by the laws of electro-magnetism In many cases the magnet 
extin^uhee the light of the current, without altering ite inteneity^ 
I sent the discharge of Ruhmkorff's apparatus at once through two 
exhausted tubes, communicating by a copper wire The first tube, 
about eight inches long and highly exhausted, was brought over the 
iron pieces of the electro-magnet into an equatonal position, while 
the second one was placed at some distance from the poles Whilst 
the magnet was not excited, both tubes became luminous by the 
transmitted current, when it was excited, the light of the first tube 
entirely disappeared, while the appearance of the second did not 
undergo the least change Hence we conclude that the disappear- 
anoe of the light does not prove the extinction of the current. 

Similar results are obtained when a tube having the shape of the 
annexed drawing is brought with its narrow middle part between the 

-€Z>=<Z> 

two iron pieces. In this case the liglit disappears where the magnetic 
action is greatest, but not in the other parts of the apparatus. Some^ 
times before the hg^t disappears, its colour is entirely changed, while 
in other oases, the magnetic force being less strong, only the change 
of eolour takes place. The violet ookmr of su^urous add and of 
vapour of bromine ia thus transformed into a fine green, and the blue 
of chloride of tin becomes a beauUftil eolour of pure gold. 



268 


If tlie inttgii0t be itrong enooghf a phenomenon of the eame kind u 
obtained when in the above-mentioned expenment the larger tube 
18 pnt eqiaatoriaUy on the iron pieces, and the current concentrated 
m the lowest part of the tube Then, where the magnetic action is 
greatest, the illuminated epibolic straight line is interrupted, termi¬ 
nating in two cusps, which m the case of sulphurous acid show a green 
colour. Waving light goes from one cusp to the other In a room 
quite dark, highly diffused light is seen moving from one pole to the 
other, along lines of magnetic force. 

When the sphere previously mentioned is placed on the iron pieces 
BO that the two opposite apertures fall within tlie equatorial plane, 
the transmitted current will be concentrated along an epibohc curve, 
which in this case is one of the two arcs of the great circle within 
the equatorial plane, supplementary to each other, and joining the 
two apertures If it be the lower arc, turned towards the magnet, 
the epibolic current staitmg from the positive wire teimmates m a 
cusp, where the action of the magnetic force, supposed generally to 
be strong, is greatest, while from the opposite side waving light 
enters the sphere In this case there is only one cusp 

II. TJke of the nepaitve wire bent by the magnet tnto curvee 
and eur/aeee 

In order to render the new class of phenomena most bnlliant and 
well defined, larger tubes of a cylmdncal shape, into whmh long 
wires enter at both ends, are to be selected The hght surrounding 
the negative wire must b;e as bright as possible, and the wdl-knowo 
dark space by which it is bounded must be very broad The 
magnet acts on this light in a peculiar way, having no analogy with 
phenomena hitherto observed. I easily discovered the law giving 
u idl oases the exact description of the phenomenon 

The light emanating from any not isolated pomt of the negative 
wire, and diverging in all directions towards the intenor surface of the 
surrounding tube, tb bent by the action of the magnet tnto the meg* 
netk euroct which paeeee through thie point According to the law 
already mentioned, such a curve is the only one along which an eleo- 
trie current can move without being disturbed by the magnet It 
equally represents the form which a chain of mflnitely smdl iron 
needles, absdutsly flexible and not sulijeeted to gravity, would 



259 


amime, if attached with oue of ita points m the point of the negative 
wire It u well known that a magnetic curve u completely deter¬ 
mined bv a single one of its points. Therefore the whole light, 
starting from all the different points of the negative wire, mil he con* 
eentrated mtktn a curfaee generated by a variable magnehe curve. 
The form of this ** magnetic surface** varies according to the form 
of the negative wir^ and its position with regard to the poles of the 
electro-magnet. 'When the negative wire lies within the eqnatorial 
plane, the magnetic surface asaumes the idiape of a vault, when the 
wire lies within the axial plane, the whole surface is contained within 
the same plane, and generally bounded by very well defined magnetic 
curves. 

The negative light partly depends upon the substance of the wire 
Particles of it, either pure or combined with the included gas, are 
earned off to the lutenor surface of the tube, which, when platina 
wires are used, consequently is blackened If not acted upon by the 
magnet, all the part of the surface surrounding the platina wire 
becomes black, if acted upon, only that line along which the surface 
of the tube is intersected by the magnetic surface » blackened In 
thu cote, iherrfore^ thepartielea eeparatedfrem the wire move along 
magnetic curves 

I thmk it most probable that the luminous electnc currents m 
question are double currents,*—going from the wire to the glass, and 
returning from the glass to the wire 

The importance of the use of magnetic curves, or lines of magnetic 
force, m experimental researches, has been shown by several philoso¬ 
phers, especially by Mr Faraday Hitherto only filings of iron 
enabled ns to give m peculiar cases an imperfect image of these curves. 
We may now trace through t^aee each a curve in the moei dietinet 
wag and lUunnnaie it mth bnght electnc light. 

Ill. The l^fht qf thepoeitive wire and ite egirale under the mag¬ 
netic ewtion. 

The ongm of the current takes place at the positive wire If the 
negative wire is not too fkr from the positive, most striking pheno¬ 
mena are obtuned when the magnet is acting on the formation of 
the eleetne current. In these expenments 1 made use pnnetpdly of 
highly exhausted ipheres, about two inches m diameter, through 
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which two phtina wiresi either psmllel or peipendioular to each 
othecj were oondueted, whose shortest distance was about 0 8 of an 
inch. 

Whftn» for instance, the qihere with paruUel wires is put on the 
iron pieces of the eleotro*maguet so that both wires fall within the 
equatorial plane and are Tertical, the whole circular section of the 
iqihere passing through the negative wire is almost unifonnlj illu¬ 
minated by violet light, while the light of the positive electrode 
appears at one of its extremities, whence it moves, along an epibolio 
curve, to the oorrespondmg extremity of the negative wire. On re¬ 
versing the polarity of the magnet, the illununsted epibolic curve 
passes from oue extremity of the positive wire to the other, while the 
appearance of the negative light, after the reversion, is not at all 
altered. 

When the positive wire terminates within the sphere, we get, 
according to the magnetic polanty, eitlier an epibohc curvct or dif¬ 
fused light, startmg fhim the free extremity of the positive wire 
towards the surface of the circle iHummated by the negative light. 

When the sphere with enmtd wires is put on the iron pieces so 
that the native wire becomes verticsl, the positive one honsontal 
and equatorial,—the whole surface of the axial circle passing through 
the verticsl wire is lUanuoated, except the lower part, which is 
bounded by the magnetic curve startmg fhmi the lower extremity of 
this wire There is no light seen on the positive wire, which is m- 
tersected by the magnetic circular surface On this surface the 
shadow of the positive wire is most distmctly traced. [Shadows of 
this deaonptioa are, in die general case, produced by beams of light 
startup from all points of the surface of the negative electrode, and 
moving aloiqc the oorresponding magnetic carves. Not even the po¬ 
sitive wire deviates such besini of light from their curved patlu.] 
Nothing at all IS changed by a change of magnetic polanty. 

When the sphere is turned round its vertical diameter till the 
horisontal and positive wire passes from the equatorial direction into 
the axial, the whole surfree of the axial circle passing through the 
negative wire ts filbd with iQummated magnetic curves. The positive 
light starts from the middle of the honsontal wire, and moves nund 
it, withm the equatorud plane, towards the negative wire wtdioQt 
mterfenng with the light emanating from this wire. It ccnstitutes 
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a fine spiral, separated by a dark space from the pbsiUve wire, taking 
Its ongin m a cusp, and expanding more and more when it approaches 
to the negative wire In changing the polarity of the magnet, 
instead of the single spiral starting from the middle of the wire, we 
obtain two such spirals starting from the two extremities of the wire, 
impelled against the glass of the tube and revolving lu the opposite 
sense. 

The phenomena just desenbed and all the various phenomena of 
the same class may be fully explained by the laws of electro-magnehc 
action. For this purpose, we admit that the first element of each 
elementary current starting from any point of the positive wire is 
directed towards the negative wire. This supposition follows from 
Uie observed fact, that the positive wire, if parallel to the negative, 
becomes luminous along its whole length on that side which is turned 
towards the negative wire When acted upon by the magnet, these 
first elements, bound to the positive wire, are allowed to move freely 
along this wire. The single point, or the system of points, where all 
the first elements meet before leaving the wire, may easily be deter* 
mined The followmg elements, subjected to the same torce, are 
entirely at liberty to obey it. This action may generally be defined 
thus —Imagine an element of the elementary electric current starting 
from any point of a magnetic curve, which connects both poles, 
imagine also the molecular currents (as assumed by Amptre) withm 
the magnet continued round this magnetic curve Then, if the 
elemmit be perpendicular to the magnetic curve, the full action of 
the magnet turns it round the curve in a direction oppoflite to the 
direction of Ampbre’s molecular cuirenta. If it be not perpendumlar, 
this action is to be decomposed along the normal to the magnetic 
curve within the osoolating plane, 

1 think It worthy of notice, that the same electro-magnetic laws, 
applied to magnetic action on an already formed electric current, 
either bound to the oonduotmg wire or free to move m space, 
equally hold in detenmmng the path of the current when acted upon 
by the magnet dunng its fiirmaiioo between the two electrodes. 
Thus a moving eleetno partmle, under magnetic action and tending 
towards die negative electrode, may be regarded as describii^ a 
eurve, in an analogous way as a projected material point does*<-aeted 
upon by gravity. 
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IV. El^tne current* returmn^ on ihetr om path 

When only one of the wires of Rttbrnkorffs apparatus is m contact 
with one of the electrodes of a long and large exhausted tube, while 
the seoond wire is isolated, or, what is preferable, communioates with 
the earth, an electnc current is obtained entering the tube and re- 
taming on Its own path 'Fhe existence of the two currents is most 
endently proved by the magnet, which, acting differently on both, 
divides the double current into two of the same intensity. This 
intensity is much increased by touching the tube with the hand at 
any distance iVom the electrode which commanicates with Rnhm- 
korff’s apparatus 

A double current of exactly the same description is obtained in a 
narrow tube, which may be one foot long, communicating with a 
larger tube, both electrodes of which are connected with the wires of 
RnhmkorfTs apparatus When the extremity of the narrow tube is 
touched with the hand, a current starting fVom the principal tube 
enters the narrow one, proceeds to its extremity, and finally returns 
to the principal tube: which is proved by the magnet. 

When, through a tube whose shape u represented by the drawing, 

the discharge was sent from A to B, the current, passmg from the 
narrow tube into the surrounding larger one, was, when it amved at 
the extremity of the narrow tube, partly branched off in an oppo¬ 
site direction towards A, and then, changing its course again, moved 
towards B. 

There is another case wh^ retoming currents are obtained. 
When the discharge on its way through a highly exhausted tube 
paSBM from a Urge space into a narrow channel, a part of the current 
IS reflected, and returns on its own path within the larger space t 
which is again proved by the magnet. 

Mr. Gassiot first observed and desenbed what he crfla “reeipio- 
cating currents,” and t&e separation tif such onrrents by the magnet 
That celebrated philoKq^her had the kindness himself to show me iui 
experiment, and even enabled me to repeat it, by obhg^ me with 
one of his fine Terncelltan-vacuum tubes I do not exactly know Us 
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opinion on the nature of thoie currenti, for my |»rt» I think thqr 
are induced currents returning on their own path This opinion was 
supported by the subsequent experiments. 

I got a hollow and highly exhausted sphere of glass about 2 inches 
in diameter, into which no wire entered, and placed it on the iron 
pieces of the electro-magnet On touching the sphere with one 
of the wires of BuhmkorfTs apparatus, diffused light was spread 
through it By the excited electro-magnet this diffused light was con¬ 
centrated into a luminous stream, which moved along the magnetic 
curve determined by the point touched, from this point to another one 
in which the interior surface of the sphere is intersected a second time 
by that curve, and evidently returned m the same curve from the second 
point to the first When the point where the sphere u touched by 
the wire falls within the equatorial plane, no part of the magnetic 
curve in question, which m this case is a tangent to the sphere, enters 
it In this peculiar case, the phenomenon is entirely changed, the 
hght of the induced current constitutes an ascending or dcscenduig 
stream proceeding along the epibohc curve within the equatorial 
plane In reversing either the polanty of the magnet or the 
direction of the discharge, the ascending stream is transformed into 
a descending one, or vtce versd But there is no change of the 
appearance in the general case 

When the sphere is sunultanconsiy touched by the two wires of 
RuhmkorfTs apparatus in two different points, we get within it two 
independent luminous currents showmg no reciprocal action on each 
other, and it is only when both points belong either to the same 
magnetic curve or to the epibohc one, that there is but one luminous 
arch along that magnetic or the epibohc curve. 

All this shows that Gassiot’s induced streams are subject to the 
same laws as the direct currents are, formerly observed by myself 

In all expemnonts mentioned in this section, the discharge of 
BuhmkortTs apparatus may be replaced by a spark taken firom the 
offiduotor of an eleetncal machine. 

V. Ftuar 09 eence produced by the eUetrte dtecharye, 

Gian shows in sunlight scarcely any kind of fluorescence. A {^ass 
tubci including reudual traces of a proper gas, becomes highly 
flooreioent when the eleotnc duebarge is sent through it: a fine green 
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colour appears in the case of common German glass, a fine bine 
if the glass contain lead. Hitherto 1 have tried in vain to get speci¬ 
mens of a different and well-detenmned chemical composition, vrhicfa, 
without doubt, would offer new and curious coses of fiuoresoence* 

beautjftil fluorescence is obtained by surrounding suitable ex¬ 
hausted tubes, through which the discharge u passing, with a solution 
of sesculme, of fraxine, of sulphate of quinine, &c If the tubes 
iQolade residual traces of hydrogen, scarcely any fluorescing light u 
seen, if they contain traces of nitrogen, on the other hand, the fluores¬ 
cence IS very intense All depends upon the nature and the density 
of the gas lu certain coses, a very famt electnc light, scarcely seen 
by the eye, produces a brilliant fluorescence, especially when the 
light, if belonging to the negative wire, is concentrated by the magnet 
M Geissler, in conitrucUng hts tubes, first observed (about eighteen 
months ago) the fluorescence of gase^ which even continue luminous 
some seconds after the interruption of the current further reaearchea 
will explain this curious phenomenon. 

VI. Tht speefra the eleetrte current %n rarefied gaeee and 
mpoure 

The light of the electnc discharge through large tubes is rather 
too much diffused to give a distinct spectrum. 1 made trial, therefore, 
of sending the discharge through a capillary tube, and fully succeeded 
I got a bnlliant luminous line within the tube, of which a beautifiil 
spectrum was obtained by replacing the distant illuminated slit, which 
Fraunhofer used lu his' observations, by the self-luminous line 
Afterwards I employed Babmet*s gomometer The slit of this 
instrument was illuminated by the current withm the capillary tube, 
which was placed before it at a distance of about 0 4 of an inch 
'Hie aperture of the sht could be changed; but where it is not 
partim^y mentioned, it was seen under a constant angle of 
3'. After having mterposed the pnsm of heavy flint glass, the 
refiraeted image of the eftf, in the general ease, was found to he 
divided into a less or greater nuoAer of differently eoUfwred hande, 
appearing eocA under the ^ust^sMUstwned eonefonS angle of three 
mmuSet Hence tt follows that the analysed electric light u eoM- 

^ the hesatifdl experimenti recently mede by E. Beetpnrel, We may 
dsdiMW a MtMSeiory eiplsiiialota of theie pheaomene. 
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po$ed of a certain number qf raye^ whose refranytbtltfy ts a dtseon^ 
itnuous one* The refraction of each ray ts determined bv the angle 
between the middle Imes of the image of the slit, seen directly, and 
of the oorreaponding refracted band Thu angle is independent of 
the aperture of the slit, and remams the same if the sht be reduced 
to a physical straight line. 

There cannot exist a deflected band smaller than ,i e no such 
band appears under an angle less than the angle under which the 
aperture is seen directly, without the interference of the prism This 
law holds through all my numerous observations of electric spectra 
[I find difficulty in applying it to the case of the common solar 
spectrum ] There are, m many instances, bands observed which are 
seen under on angle greater than 3', but generally such bands are 
resolved mto two or more bands of single breadth In some instances 
where the angle m question does not reach the doable of 3', there 
appears in the middle part of the band a bnyht line, larger bands 
ore generally divided by small, well*defined, dark lines 

In order to distinguish the rays of different refrangibihty in the 
different gases, I denoted such a ray by adding to the symbol belong¬ 
ing to the gas the Greek letters a, /3, y, indicating the succession of 
the corresponding bands in each spectrum Accordingl}, for instance, 
the band Ny, appearing under an angle of 6^ is divided by a dark 
line into two, the bands Nd and Nfl, having each a breadth of 10\ 
are diiided by two dark lines into three single bands The bands 
Hga and Sn Cl^y, 5' broad, show a bright middle line 

The space between two bright bands is either absolutely black, or 
of a greyish tint, or of a faint tint of that colour which is indicated 
by the position of the space within the spectrum. With regard to 
these faint Unta, the eye, by the effect of contrast, is commonly a very 
had judge of colour, and there may easily be a deception, admitting 
a sueoessiem of colours in the spectrum which in reality does not 
exist. 

I cannot enter here into the details by which 1 obtamed exa<^ 
measures of the minimum refraction of the different rays All 
measures were taken without deranging the adjustment of the gon«>- 
metnr, for asoeitaimiig its constancy, each spectrum was compared 
with the spectrum of hydrogen. From the ang^ of refluetion, 1 
dedueed tbeindicea of refraction, and hence the corresponding lengths 



of waves expressed m milhouths of a millimetre tn order to get abso¬ 
lute numbers immediately comparable with those of others. 

The dtacharge through a capitlaiy tube oontammg residual traces 
of pure hydrogen is of a deep red colour, the spectrum obtained from 
It consists of only three bnght bands:—of a most splendid red one, 
Ha, of a bluish-green one, H/3, nearly as bnght, and of a fainter violet 
one, Hy The following table contains the angle of refraction the 
index of refraction ft, and the length of the wave X, corresponding to 
each of the three rays Ha, H/S, Hy, as well as of the dark lines of 
Fraunhofer, C, F, G, in order to compare their reciprocal position — 




Ha 

57° 10'5 

C 

00 

0 

H/3 

59 55 5 

F 

59 55 5 

Hy 

61 43 

G 

61 55 5 





Ha 

'l 7080 

0 . 

. 1 7077^ 

H/5 

1 73255 

F 

1 73255 

Hy . 

1 7481 

G 

1 7498 



X 


Ha . 

653 3 

C 

656 4 ' 

Hj3 

484 3 

F 

484 3 

Hy 

433 9 

G 

. 429 1 


From this table it results that H/3 exactly coinades with % while 
Ha and Hy approach very near C and G 
The spectrum of pure oxygen was only obtained after several un« 
successful trials to procure proper tubes, the gas being m most oases 
absorbed by the electrode during the passage of the current. 

The spectrum of nitrogen is one of the richest m colours. Its 
less refrangible part is of a peculiar nature, having, from the exterior 
red to the limit of the yellow, seventeen eqiudistant small dark bands. 

Most characteristic are the spectra of carbonic acid (oxide of 
carbon)k iodine, bromium, ohbrine, chloride of sdicmm, ohlonde of 
phosphorus, ohlonde of tin The spectrum of the last-mentioned 
substance is one of the most remarkable The ooloor of the gias 
within the larger parts of the tube through which BuhmkoHra 
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apparatus is discharged, is a dark blue, m the capillary part of the 
same tube the finest gold-colour, while the light surrounding the 
negative wire is of a fawn-colour [The finest appearance is obtained 
with a larger tube containing residual traces of the vapour of this 
salt, put on the iron-pieces of a powerful electro-magnet, within the 
blue light of the discharge numerous golden flashes are produced, 
and variously directed by the magnetic force ] 

A piece of metalhc sodium within an atmosphere of rarefied hy¬ 
drogen docs not alter the specirum of this gas when at the ordmary 
temperature, but when it is heated, a single bnlliant yellow band is 
added to the three original bands of hydrogen The middle of the 
new band exactly comcides with Fraunliofor*8 dark line D The 
vapours of the metal are condensed in the cooler parts of the 
apparatus 

Phosphorus, when treated m the same way, instead of adding new 
bands to those of hydrogen, at a certain temperature even extin¬ 
guished the spectrum of the gas 

In the case of mercury, I gave to the tube the shape of 
the annexed drawing The electrodes merely entered the 
two flask-shaped ends of the tube, where they were covered 
about half an inch with mercury Peculmr bands were 
obtained without heatmg the mercury, when it was 
heated, the spectnmi became most bnlliant. 

When traces or two gases, not acting on each other, 
are mixed within a spectrum-tube, the spectra of both 
are simultaneously obtained 
A result of some importance, following firom the 
researches of which I have here given an abstract, 

IS, that in all such dioptrical researches, where Fraun¬ 
hofers dork lines were used in order to get exact measures, these dark 
hnes may with ^at advantage be replaced by the middle knee of the 
new brilliant bands of the gas spectra To these bands the most 
convenient breadth may be given m each particular case by regulating 
the ^mrture of the apparatus A spectrum-tube of hydrogen, 
exhibitADg three well-defined bright bands, is well suited for this 
purpose. During a whole year 1 made use of such a tube, which 
remained absolutely unaltered 

Eveiy gas being characterised by its spectrum (even by one of the 
TOL. X. V 
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bands of the spectrum^ the position ot which is ineasured)^ we get a 
new kind of chemical analysis In this way only we may ascertain 
the residual contents of the exhausted tubes> and the changes they 
undergo, either suddenly by the discharge, or gradually afterwards 
Thus, for instance, a spectrum^tube in which traces of vapour ot 
sulphuretted carbon were enclosed, presented most unexpectedly the 
combiued spectra of hydrogen and oxide of carbon Hence we con¬ 
clude that there remained also within the tube some traces of vapour 
of water, which was decomposed as well as the sulphuretted carbon 
Traces of sulphur were deposited on the interior surface of the tube, 
while oxide of carbon and hydrogen remained within it 

Nearly all examined combinations of hydrogen with metals, with 
chlorine, &c, were almost instantly decomposed. The spectrum of 
hydrochloric acid was found to be the combined one of hydrogen and 
chlorine Sulphur and arsemc were deposited from their combi¬ 
nations with hydrogen, the former constituting fine dendntes, the 
latter well-defined large bands the spectrum in both cases was that 
of pure hydrogen Seleniated hydrogen showed withm the capillary 
tube a fine yellow tint, but this tint was converted dunng the passage 
of the discharge into a brilliant red one, the change of colour started 
from one of the extremities of the capillary tube, and reached the 
other one after a few seconds The ^ectnun observed dunng this 
change of colour was m the first moment a most distinct one, allowing, 
for instance, between Uj3 and Hy two similar systems of two bnlliaut 
blue bonds separated by a black one about double os lar^, but tbis 
spectrum entirely disappeared, as m dissolving views, Imng by and 
by replaced by the spectrum of hydrogen A few minutes after the 
discharge was stopped the red colour turned again into the pnmitive 
yellow one, the gas decomposed by the discharge having been re¬ 
composed again llius the same expenment could be repeated any 
number of times 

[Similar chemical effects were ascertamed iil a different way in the 
case of sulphurous acid, whidi, if moluded withm a larger tube, shows 
a fine stratification of narrow violet bands, Wlien the discharge 
passes dunng several minutes, the stratification is altogether 
changed, the narrow violet bands being transformed into the large 
douds of the best Tomcellian vacuum tubes The primitive condi¬ 
tion of the gas is restored by beating the electrodes, but in emy 
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n«w experiment the phenomena became leM distinct than they were 
before ] 

I thmk it most probable that, properly speaking, electric light 
does not exiet , the light which we eee belongs to the gaSy rendered 
tncandeecent by (he thermal action of the current Acoordmgly, m 
oiir case, the colour of the appearing light depends upon the nature 
of the gas and the concentration of the current This opinion is 
strongly supported by the observed fact, that the temperature of the 
capillary tube increases considerably in some mstanccs Considering 
that this increase of temperature has its source in the heat of the 
residual gas, which is too small tn amount to be indicated by the 
balance, this heat being produced by the electric current, and com* 
mumcated to the heavy substance of the tube , we have scarcely an 
idea of the enormous temperature of the gaseous electrode included 
in the capillary channel * 


II. ** On the Interruption of the Voltaic Discharge in Vacuo by 
Magnetic Force ” By J P Gassiot, Esq., P R.S Re¬ 
ceived December 6, 1869 

The late Professor Darnell, iti his Fifth Letter on Voltaic Combina¬ 
tions (Phil Trans. 1839, part 1), desenbes some expenments madewith 
seventy senes of his constant battery, and states (page 93) ** that the 
arc of 6ame between the electrodes was found to be attracted and 
repelled by the poles of a magnet, according as one or the other pole 
was held over or below it, as was first ascertained by Sir H Davy, 
and the repulsion was at times so great as to extinguish tlie fiame *' 
In the Philosophical Magaxme of July 1868, Mr Grove has de- 
senbed an experiment made by him with one of my vacuum-tubes, 
2 feet 9 mches long, m which be ascertained that the discharge of a 
Bubmkorff’s mduction coil could be stopped by bnnging a magnet 
near the positive terminal wire, but that this efiect was not obtained 
when the magnet was made to approach the negative The mercurial 
vacuum-tube in which Mr Grove observed this phenomenon was 

* In tome peouluur cases my primitive tUeoretical views were modified, reformed, 
or extended hy sttbseqnent experiments Tbe abstiact now given lefere only to 
what 1 think mt present to be the state of the qtMafion 

V2 
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unfortunately shortly afterwards broken, and although Mr Grove 
and myself have repeatedly endeavoured to obtain the same result in 
simdar and m other vacuum-tubes (and since that period 1 have ex¬ 
perimented with upwards of two hundred), all our efforts have been 
hitherto unsuccessful 

The experiments 1 am now about to desenbe were made with two 
carbomc acid vacuum-tubes, the vacua being obtamed in the same 
manner as desenbed by me m the Philosophical Transactions, part 1, 
1859. 

A, m the annexed figure, represents a glass tubular vessel (No 146), 
24 inches long and 6 inches diameter in its wide part, at one end, 
attached to the platinum wire (a), is a concave copper plate 4 inches 
diameter, at the other end is a brass wire attached to the platinum 
wire (5) B represents a glass tube (196) 5 inches long (in its wide 
part), in which two small balls of gas-retort coke are attached to the 
platinum wires d and h\ and are placed about 3 inches apart, all the 
platinum wires being hermetically sealed in the glass. In A the 
potash IS placed in the vessel between the electrodes, m B it is 
placed in the further part of tihe tube, beyond one of the wires 

An electro-magnet is placed at C, and is constructed so as to allow 
the two helices to be separated, and by these means the larger vessel 
can, if required, be placed between them, and any portion of the 
luminous dischargemay be thus exposed to any part of the magnetic 
field 

Battery 



« The taxbon balle do not la tbeie earperiroenti affect the rasults deaoribed, at 
1 have obtained the tame in a tube of the same dtmension with biaii whet. 


271 


When the terminals of an excited induction coil are attached to 
the wires of either of the above vacuum-tubes A or B, luminous 
discharges are obtained, the negative wire ball or being 
covered with a luminous cloud-like glow extending towards the 
positive, but the stratifications are not developed, except by the 
magnet, and these become more clearly defined as the magnet is 
caused to approach, or as the power is increased, when they are de¬ 
flected according to the direction of the discharge, or of the polarity 
of the magnet. But with the induction coil, no matter how I re¬ 
duced the intensity of the discharge, or vaned that of the electro¬ 
magnet, in no instance could I produce m these, or in any of my 
vacuum-tubes, a similar result to that which Mr. Grove obtained in 
the vacuum-tube so unfortunately broken, the experiment evidently 
requires a cortam balance of power between the electric discharge 
and that of the magnet, and this 1 had hitherto been unsucoessiul 
m obtaining 

I next experimented with my water-battery (Phil Trans 1844, 
and Proceedings, 26 May, 1859), which I have recently had carefuUy 
cleaned and recharged with roin-watcr, the luminous discharge in 
both the vacua A and B was obtained with less than 10(K) series, 
and thu discharge, as well os that from the full senes of the batteij of 
3520 cells, was under certain conditions, hereafter desenbed, entirely 
destroyed or interrupted by the power of the magnet 

At first the interruption or break in the luminous discharge ap¬ 
peared to be caused by the sudden action of the magnet, as if it were 
merely momentanly blown out, for the discharge recovered itself 
while It remamed under the mfluence of the magnet—the luminous 
discharge under this condition gradually reappearing stratified and 
strongly deflected, but I subsequently ascertained that, by careftiliy 
adjusting the intensity of the battery discharge, and the force or power 
of the eloctro-magnet, this recovery in the discharge could be en¬ 
tirely prevented. 

On approaching the vacuum A towards the electro-magnet, the 
luminous discharge from the battery assumed the same form as that 
from the mduction coil, but when the vacuum was placed between 
the helices, so as to permit the armatures or poles of the magnet 
to touch one or each side of the glass vessel at about its centre, the 
dschafgc disappesred, as so<»i as the magnet was removed, or the 
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vacuum-tube withdrawn from its mflucnce» the luminous discharge 
was reproduced. 

To test whether a complete disruption of the electrical current 
had taken place, two gold-leaf electroscopes were attached, one to the 
sine and the other to the copper terminal of the water-battery , the 
leaves diverged with considerable energy, connection was then made 
ftom the electroscopes to the wires of the vacuum-tube, the luminous 
discharge became visible, and the leaves of both electroscopes par¬ 
tially collapsed, the vacuum-tube was then placed ns before, beta ecu 
the armatures of the electro-magnet, and immediately the magnet 
was excited, the luminous discharge disappeared, and the leaves of 
the electroscopes diverged to tlieir original maximum extent, thus 
proving the disruption to be complete 

If the smaller tube B is placed across both poles of the magnet, 
the luminous discharge at its centre assumes the appearance of bemg 
nearly separated into two parts, each part showing a tendency to 
rotate round the pole of the magnet on which it is placed, the one 
in an opposite direction to the oUier. I endeavoured to obtam a 
disruption of the battery discharge when in tins state, and possibly 
with a more powerful electro-magnet this experiment would succeed, 
but although I reduced the intensity of the battery discharge and 
increased the power of my electro-magnet, 1 could not in this manner 
obtam an actual discontinuity of the battery discharge, but when the 
same vacuum-tube was placed in a longitudinal or equatorial position 
between the poles, or even approached them within three or four 
inches m that directum, an immediate interruption of the dis¬ 
charge took place 

When both vacuum-tubes are placed m the batteiy circuit, the 
interruption can be shown m a very striking manner. the general 
arrangement of the apparatus represented in the figure shows how 
this experiment is made A is fixed on a wooden support. One 
wire (5) is attached to the copper terminal of the batteiy, the other 
wire ( 0 ) being connected to one of the wires in B, which is held fay 
the the other wire (b*) bemg connected with the smo termmd 
of the battery, gold-leaf electroscopes being placed as before In 
this manner all the apparatus is fixed except B, which being held by 
the hand, and the connecting wires being flexible, can be placed in 
any required position 
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As long as the vacuums are at a sufficient distance from the 
action of the magnet, the luminous discharge is visible in both, and 
the leaves of the electroscopes partially collapse, but immediately the 
discharge m 11 is placed in the position described in the previous 
oxpenment, between tlie poles of the magnet, the discharges in both 
vacua instantly disappear, and the leaves of the electroscopes di¬ 
verge to thar original maximum 

The actual position of what is termed the magnetical field, around 
and between the poles of a magnet, has been generally delineated by 
means of iron filings placed between the poles on a sheet of paper. 
Assuming the lines in which these particles arrange themselves to 
represent the direction of the power of the mapiet, or the magnetic 
field, they also explain the actual position through which the vacuum- 
tube should be placed to obtain the preceding result, and in this 
manner to show by experiment that a voltaic discharge which has 
sufficient intensity to pass through a space of upwards of 6 inches in 
attenuated carbonic acid gas is not only interrupted, but absolutely 
and entirely arrested by magnetic force 


PootBcript (received Jan. 19,1860) —In repeating the experiments 
with Dr. Tyndall in my laboratory, the disruption of the Inmmous 
discharge tn eacteo from 400 cells of the nitnc-acid battery was 
obtained * some most beautiful and striking results were obtained 
from the same battery on the 16ih inst, on repeating the experiment 
in the Theatre of the Royal Institution, with its large electro¬ 
magnet, Dr. Faraday and Dr Tyndall bemg present 
The large receiver (146) was placed between the poles of the 
electromagnet, the hues of force going through it, electrodes 
equatorial. The stratified discharge was extinguished Subsequently, 
through the sinking of the battery, or some other cause, the stra¬ 
tifications disappeared, and the Innunous glow which filled the entire 
tube remained. On now exciting the magnet with a battery of ten 
eeUs, efSulgent strata were drawn out from the positive pole, and 
paaung along the upper or under surface of the receiver, aocording 
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to the directwn of the current On making the circuit of the magnet, 
and breaking it immediately, the lummous strata rushed from tlie 
positive and then retreated, cloud following cloud with a deliberate 
motion, and appeaniig as if swallowed by the positive electrode 
The amount of electricity which passed appeared materially in¬ 
creased on exciting the magnet, once the discharge was so intense 
OB to fuse half an mch of the positive terminal 

After this had occurred, the discharge no longer passed as bttore 
when the terminals of the battery were connected with it, but on 
connecting the positive end of the battery with the gas-pipes of the 
building the discharge passed 

The discharge could also be extinguished by the magnet, and 
the tune necessary to accomplish this, furnished a beautiful indication 
of the gradual rise and reduction in the power of the electro¬ 
magnet 


HI, Vacua as indicated by the Mercurial Siphon-Gauge 
and the Electrical Discharge/^ By 3 P GasbioTj Esq., 
F R S Received January 10, 1860 

That the vaned condition of the stratified electrical discharge is due 
to the relative but always imperfect condition of the vacuum through 
which It is passed, is exemplified by the changes which take place 
m the form of the striae while the potash is heated tn a carbonic 
acid vacuum-tube. In order, if possible, to measure the pressure 
of the vapour, I had a carefully prepared siphon mcrcunal gauge 
sealed into a tube Jffieen inches long, at an equal distance between 
the two wires A, B 



This tube was charged with carbonic acid m the manner described 
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by me in a former communication When exhausted by the air-pump 
and scaled, it showed a pressure indicated by about 0 incli difiFerence 
in the level ot the mercury. the potash was then heated. the mercury 
gradually fell, until it became perfectly level 

Dr. Andrews (Phil Mag February 1852) has showu. that with 
a concentrated solution of caustic potassa. he obtamed with carbonic 
acid a vacuum with the air-pump so perfect as to exercise no ap¬ 
preciable tension, as no difference lu the level of the mercury in the 
siphon-gauge could be detected 

On trying the discharge in the vacuum-tube after tlie potash had 
cooled. 1 found it gave the cloud-hke stratifications, with a slight 
reddish tinge, consequently not only was the vacuum not perfect, 
as denoted by the form of stratification, but in this tul>e the colour 
denotes that even a trace of air remains,—probably that portion in the 
narrow part of the siphon-gauge, which, from its position, was not 
displaced by tlie carbonic acid 

The potash was subsequently heated until the discharge was 
reduced to a wave-hne. with veiy narrow stnm. m this state moisture 
is seen adhering to the sides of the tube. but even m this state the 
difference m the level of the mercury in the gauge did not ever vary 
more than 05 inch As the potash cooled, the discharge altered 
through all the well-known phases of the strns. the mercuTy again 
becoming qmte level. 

At first almost the slightest heat applied to the potash alters the 
form of the stratifications, as the heating is repeated, longer apph- 
cation IS necessary, but it shows how sensibly the electrical discharge 
denotes the perfection of a vacuum, which cannot be detected by the 
ordinary method of mercurial siphon-gauge 


Jammy 26,1860. 

Sir BENJAMIN C BBODIE^ Bart., President, in the Chair. 


The iuUowing communications were read -- 
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L '^On the alteration of the Pitch of Sound by conduction 
through different Media/^ By Sydney Ringer, Baq, 
late Fhyaiciana^ Assistant at University College Hospital 
Communicated by Dr Garrod Reuivcd November 25, 
1859. 

Having observed that the pitch of cardiac niurniurs underwent 
various alterations dependent on the constitution of the conductuig 
body, the following experiments were devised to extend and render 
more certain the observations made on the human subject In most 
of these experiments a tuning-fork was used, and m all the alterations 
in pitch were tested by the car 

In making these experiments, the note of the vibrating fork was 
first taken with the instrument close to the ear and without being 
in contact with any resounding body It was next placed on the body 
which was cxpcnniented on, and lastly listened to through the medium 
of the same The alteration m pitch obtained by these two latter 
methods gave always the same results in kind, but not m degree, 
the alteration being always greater when the note was heard through 
the medium of the conducting body 

Solids 

A board 13 feet long was balanced on the back of two chairs 
The note of the fork was then taken, without its being in contact 
with the board The fork m vibration being next placed at one end 
of the board, the ear was placed on the other, and the note was then 
found to be most appreciably lowered in pitch 

As boards composed of various kinds of wood were not obtainable, 
tables were used Of all the woods thus tested, deal lowered the 
pitch most, indeed the lowering of the pitch was always in proportion 
to the porosity of tlie wood f 

The pitch was found to fall the greater the distance from the fork 

*Bone lowered it 

Glass raised the pitch 

Iron raised it, 

t Dr Wylde, the Conductor of the Philhermome Society, kindly examined and 
fully corrobonted, in those experunents marked with an asterisk, the oondnshms 
I had previously come to. All the experiments were oonSrmed by numerous 
persons of acute ear In no case was then opinion at variance with my own. 



The two iMt, in oonduoting the note, greatly lessened the intensity, 
much more so than the substances described above. 

The muscular substance of the heart lowered the pitch. Skm 
and cellular tissue, on the contrary, raised it 

LlUDlDS 

A large foot-pan was filled with water, and the vibrating fork was 
partly introduced into this, but as no sound could be heard in this 
manner without some resounding body, a small circular piece of wood 
was used for this purpose, the fork placed on tins was first listened 
to, the fork with tlie piece of wood was then placed under the water, 
one ear was then immersed in the water, and the note so taken, the 
pitch was then found to be most decidedly heightened Any objections 
to this method of performing the experiment wore ob\iatcd by the 
following extension of it The eyes being firmly simt, any vanation 
m the position of tlie fork, that is to say, whether it was moved closer 
to or farther from tlie car, was accurately determined by the alteration 
in the pitch. 

Next, a glass tube 29 inches long, with a diameter of Jths of an 
inch, was closed at one end, with a duiphragm of gutta perclia, oil- 
silk, or bladder (the same diaphragm being used m each set of com¬ 
parative experiments) The tube was then filled with the fluid to be 
examined The ear being applied to the diaphragm, the stem of the 
vibrating fork was introduced above into the fluid, care being taken 
that neither the finger nor the fork was in contact vnth the glass. Ex¬ 
periments conducted m the above manner gave the following results 

*Water raised the pitch most appreciably 

* Alcohol still higher 

Ether higher 

A solution of protocarbonato of soda of the same specific gravity 
as the blood, raised the pitch more than pure water 

* A saturated solution raised it still higher. 

* Sulphate of baryta, suspended in water, raised it higher than any 
other tried fluid 

ProsBian blue, suspended in water, raised it more than water, but 
less thui the sulphate of baryta 

From the above results it appears that simple fluids heighten the 
pitch m proportion to their diminished specific gravity, and that the 
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addition of any substance (though increasing the specific gravity), 
wliether in solution, or merely suspended in the water, heightens it, 
that particles m suspension, indeed, heighten it more than solutions 
The fact of different fluids raising the pitch in variable degrees, 
excludes the possibility of the nsc being due to the glass, or any 
other material used, unless the flmd varying m weight altered the 
pitch, by affecting the tension of the diaphragm , but the fact of the 
alteration in pitch bearing no relation to the specific gravity of the 
iluid excludes this source of error. 

The following experiments were devised to test the influence of 
running water on the pitch 

Into an mdia-mbber tube, 13 inches long, and fths of an inch 
diameter, a funnel was inserted , immediately below this a small 
opemng was made, just large enough to admit the end of the fork 
Water was kept constantly running through this, and the stethoscope 
(covered with a diaphragm) apphed to different parts of the tube, 
by this method the pitch was found to be most appreciably raised the 
further from the fork the stethoscope was applied to the tube The 
elevation of pitch was easily recognized at a distance of 2^ mches 
(the length of the pulmonary artery and adjoinmg part of the aorta) 
The stethoscope having been unfortunately left behind, Dr Wylde 
could only apply the ear directly to the tube, and therefore could not 
speak so decidedly as he did concerning the other experiments, hut 
he was of opinion that the pitch was raised as stated above. 

It was next attempted to be ascertained whether the mere motion 
of the water mcreased or diminished the rise of the pitch It ap¬ 
peared that the pitch was very shghtly raised by the mere motion 
of the fluid, the same pomt of the tube being listened to. The 
difference in tnienHtif was most marked 

The chief object of these expenments being to ascertain the in¬ 
fluence of the different constituents of the human body on the pitch 
of cardiac and other murmurs, and in order that the expenments 
might* as closely as possible, simulate the actual phenomena in the 
body, an aorta was tied to the mouth of a tap, and an artificial 
murmur produced by causing a constnction of the vessel by a piece 
of twine tied round it. The pitch of the murmur so produced was 
decidedly nused the fiirth^ it was beard along the vessel from the 
point where the sound was generated. 
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To set the question quite at rest of the possibility of the blood in 
a vessel raising the pitchy especially at so short a distance as 2^ 
inches, the following expenment was devised —A tourniquet was 
placed over a man’s femoral artery, immediately below Poupart’s 
ligament, and an artificial murmur thus produced, this was found 
to rise rapidly lu pitch in passing down the course of the vessel* 
A well-marked difference was noticed at a distance of only an inch, 
and decidedly mure at a distance of 2^ inches 

The intensity of the murmur quickly diminished in passing 
to the right or left of the vessel, the pitch being at the same time 
rapidly raised, which was due to the interposition of mteguments, 
but this interposition could not be the cause of the nse of the pitch 
111 the course of the vessel, as the murmur could be heard m that 
direction at a distance of at least 6 inches, whilst it was completely 
lost at less distance than 2 mchea to either side of the vessel, thus 
the murmur must have been conducted by the blood, whilst the same 
thickness of integuments was over the artery at the lower and 
the upper point listened to, for both points were above the place 
where the sartonue muscle crosses the vessel 

Gasss 

If a watcli IS pressed dose to the ear and then graduallj moved 
awaf, the tick is heard to nse in pitch m proportion to the distance 
the watch is withdrawn 

*Or, if in place of the watch a tumng-fork be used, the same can 
be still more distmctly ascertained* Then let the fork, either freely 
vibrairng, or, still better, placed on a resounding board, be moved 
gradually away from tke ear, the pitch will be found to rue the 
Anther the fork u carried away from the ear 
An echo of a musical note u higher pitched than the onginal note* 
Again, a loud cardiac murmur audible over the entire chest was 
examined in the following manner*— 

The patient was directed first to exspire to the utmost, and the 
pitch of the heartHMnmd was then ascertamed, he was then ordered 
to inspire to the full, the pitch was then found to be raised* In 
thu expenmont, the only variation was an increased amount of atr 
between the pomt where the murmur was generated, and the ear of 
the observer. 
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The BubBtonces which lowered the pitch in the above expen- 
ments have one common property^ namely, porosity, and, as far it 
could be ascertained, the depiesaion of pitch was m proportion to this 
condition. Is it possible that the small vacmtics included in the 
Bubstancc, acting os resounding cavities, and reflecting the vibrations 
from theur waHs, may so direct them that they may somewhat interfere 
With one another, and thereby be somewhat dimmished in number T 
The following experiment tends in some degree to support this con¬ 
jecture It IB well known that if the vibrating fork be held obliquely, 
resting on the table, a loud resonance is audible, but if the tumug- 
fork be moved jiarallel to itself along the surface of the table, tbe 
resonance of the table immediately ceases from the interference of 
the planes of vibration with each other but if the fork is moved 
so slowly, and so that the resonance is not completely destroyed, 
the {iitch falls slightly 

Again, if the fork be applied to the head, and listened to first with 
the ear open, and afterwards with the ear closed, the pitch is found 
to be slightly lowered 

In all those experiments in which the pitch was elevated by con¬ 
duction, it was found that there was diminished tnteimhj m pro¬ 
portion to the elevation oi pitch , thus it would appear that all bodies 
raise the pitch in proportion to the difiicnlty with which tliey receive 
and conduct vibrations 

Dr Scott Alison has proved m some recent experiments, that tlie 
conductivity of media, as regards rapidity, does not correspond with 
that of intensity. Of all tried substances, iron was the worst con¬ 
ductor as regards mtenifity, and this was found to raise the pitch 
most 

The above explanation is rendered somewhat probable from the fact 
that m all cases the elevation was greater with a weak note than a 
strong one Dr Wylde tells me that it has long been nohoed by 
musicians that a weak note is somewhat higher pitched than a strong 
one, It being under these cimimstanceB caught through the medium 
of the air Those bodies whidi, on the dontrary, lower the pitch, 
do so to a greater extent with a weak note. 

These explanations are offered with the utmost diffidence, on ao- 
count of my very hmited knowledge of scousbes. 

On looking into the literatore of the subject, the only reference to 
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alteration of pitch hy conduction is that by Dr 'Walshe^y who 
ascnbes it to transmiBsion of the Tibrations through ‘^Taryuig" 
media. 


II "On the frequent occurrence of Phosphate of Lime, in the 
crystalline form, in Human Unne, and on its pathological 
importanceBy Arthur Hill Hassall, MD Lond 
Communicated by Dr Sharpey, Sec R,.S Received 
November 9, 1859 

In 1854 1 submitted to the Royal Society a paper '*On the 
irequent occurrence of Indigo in Human Urine*" This commum- 
catioii, which wns published ui the * Plidosophical Transactions/ 
attracted considerable attention both at home and abroad The 
singular fact of the frequent presence of ludigo in the urine, first 
announced by me, has since been amply confirmed by a variety of 
observers I have now to place before the Society some mvestiga- 
tions 111 relation to the not uncommon occurrence in human unne of 
phosphate of hmct as a depoetit in a well-marked eryaiaUine form 
When the earthy phosphates are treated of by writers, m con¬ 
nexion with the urine, they are usually desenbed collectiycly, and it 
IS seldom that each kmd of phosphate is particulanxed, aud yet there 
are several which may occur either separately or together* The 
phosphate of ammonia and magnesia, or triple phosphate, is indeed 
often speafied, but rarely is phosphate of lime separately mentioned, 
and phosphate of magnesia scartely ever, and yet phosphate of lime 
IS very frequently present as a deposit in unne, much more so, indeed, 
according to my experience, than the tn]>le phosphate, excluding 
those cases of the occurrence of that ammoniacal phosphate, ansing 
from the decomposition of the urea of the unne subsequent to its 
escape from the kidneys Even in those few cases in which phosphate 
of hme IB specially mentioned, it is desenbed usually os mixed up 
with the other phosphates, and always as occurring m the smorphms 
or granular^ and never in the ciyitalline state, further, no pecuhar 
importance is attached to it, as contrasted with the magnesian phos¬ 
phate 

* XHieftM of the Luogi, Heart, rafi AorU 2nd edition, page ISL 
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Even one of tbe most recent writers on the unne gives the following 
descnption of the physical characters of deposits of phosphate of 
lime in unne*—'^Deposits of phosphate of hmc,’* he states^ **as 
usually occumng in the unne, and mixed with magnesia, are always 
white and amorphous, under the microscope appearing in granules, 
sometimes of a greenish tmgc, which exert a refracting action upon 
light Cry^talhzed de^osiU of th%^ mh^tanot have mi been o&- 
eerved 

I now propose to show, fir$U that there is a crystalline deposit, 
the crystals composing which will be described liereafler, which does 
really consist of phosphate of lime, eeeond^ that it is of frequent 
occurrence m human unne, and ihtrd^ that it is of greater patho¬ 
logical importance than the deposits of triple phosphate. 

I would first remark that 1 have for years been acquamted with 
the fact of the occurrence of crystalline phosphate of lime in the 
unne, and 1 have referred to it in 'The Lancet* of 1853, and also 
elsewhere I should now remark, however, that the statement made 
by me as to the composition of the crystals, has hitherto been based 
upon their q^aliiaUve analysis only, and therefore was not so com¬ 
pletely conclusive and satisfactory as could be desired Until 
recently 1 had not made any qaantxtative analyses, these I have 
since been enabled to perform, and 1 now furnish the results of the 
chemical examinatiOD of four samples of the deposit 

Txrnt Sanqile —Filtered from tbe unne of twenty-four hours; 
mixed, as ascertained in the first instance by means of tbe microscope, 
with a very mmute quantity of inple phosphaU 

f 

Bibanc phosphate of magnena .. 0 15 

Btbanc phosphate of lime .. 1 85 

Too 

Sttmd —Filtered from urine after the lapse of a day or 

two, mixed with a small qaantity of ir^ phwiphats. 

Bibanc phosphate of magnesia < ,. 0*47 

Bibanc phosphate of hme.... .. 6 18 

6-65 

Third Aatqple,—From orme of tw«nty*fi>iir hours, after the Ufm 
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of several days. Admixed with much triple phosphate* as sbowu 
6rst by the nucroscope* aud afterwards by the chemical analysis 

Bibasic phosphate of magnesia 4 30 

Bibasic phosphate of lime • 5 41 

9 71 

Fourth Sample .—Separated from six ounces of fresh unne De¬ 
posit very pure. 

Bibasic phosphate of lime . . 1 96 

No phosphate of magnesia. 

Now the admixture of the phosphate of magnesia in the first three 
samples was due solely to the fact that the phosphate of lime* 
deposited at first in the pure state, was allowed to remain lu the 
urine until decomposition had commenced* and the phosphate of 
magnesia and ammonia had* m consequence* become formed. De¬ 
posits of phosphate of hme are sometimes cotitaminated from the 
same cause with carbonate and oxalate of lime 

These analyses are therefore conclusive as to the composition of 
this earthy phosphate In order to show that no error has been 
committed m them* I here append the process adopted. That the 
deposit in question really consisted of a phoephate, was first repeatedly 
determmed by the action of a solution of mtrote of silver* the 
crystals when touched with this reagent assumed a bright golden 
yellow colour. After having been separated and washed in distilled 
water* the phosphate was igmted to ftee it from animal matter* urea* 
&c* and weighed It was then dissolved m hydrochloric acid* 
ammonia was added unul a permanent precipitate formed, this was 
redissolved by the addition of acetic acid First the hme was preci¬ 
pitated from the solution by oxalate of ammonia, and afterwards the 
magnma as follows, chloride of ammonium was added* then ammoma 
in slight excess* and lastly* phosphate of soda The oxalate of hme 
formed was converted mto carbonate of lime m the ordinary manner* 
and the phosphate of ammoma and magnesia into the pyro-pho^hate 
of magnesia * these were then weighed separately* and the amounts 
of the bibasiG phoqphate of lime were determined by the usual calcu¬ 
lations. The results obtsined corresponded very closely with the 
original weights of the igmted phosphates subjected to analyns The 
VOL. X. X 
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analjBe8« tfaerefon^ show that the cryetalbaed phosphate of lime is a 
tnbasic phosphate containing two atoms of lime, and most probably 
one of water 

Form of the Crystals, 

The size, form, and arrangement of the crystals of phosphate of 
lime, as they occur m human unne, vary greatly, but the peculiarities 
03 ft in all cases sufficiently charactenstic to allow of the ready iden¬ 
tification of this phosphate by means of the microscope. The 
cfystals are either single or aggregated, most firequently the latter, 
forming glomeruh or rosettes, more or less perfect (figs. 1, 2, 3) 
Sometimes they are small and needle-hke, and then they frequently 
form by their crossing and union at right angles, glomeruli or sphe¬ 
rules (fig. 3) Sometimes the crystals are thin and flat, having obhque 
Kig I Wg 2* 



or pcnnted terminations (fig. 2). Very frequently, however, they 
art duck, and more or less wedge-shaped, and united by their narrow 
eatremities so as to form more or less complete portions of a cirde 
(fig. 1); the free larger ends of the crystals are usually somewhat 
oblique, and the more perfect crystals present a six-sided facette. I 
have never yet met with these ciyrtals having both ends perfect, owmg, 
I believe, to the tendency which they have to ciystalluc ftom a centre 
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in rosettes The principal modifications which 1 have met with iti 
the 81 X 6 , form, and arrangement of these ciystals, are well shown in 
the eleven drawings which accompanj tins communication*. A¥hen 
these crystals are kept m the dry state for a long time, they not 
uufreqnently break down and crumble into powder 

The late Dr Golding Bird, in his work on ' Urinary Deposits,' 
has given a representation of some crystals which be has denominated 
^*penntformf* descnbing them as consisting of a vanety of the mag¬ 
nesian phosphate, the crystals figured do, however, undoubtedly 
represent a modification of those of phosphnte of lime* They are 
represented in figure 4, taken from Dr. Bird’s original specimen 
Although 1 have elsewhere pointed out this error, most recent writers 
ou tlic unne still persist in describing these crystals as a variety of 
the phosphate of ammonia and magnesia 

On the Freqfuencp of tkeir Oecurrenee 

1 find, as already stated, that phosphate of lime in the form of 
crystals is of mucli more frequent occurrence in human unne than 
the tnple phosphate, excluding those cases of the presence of the 
latter phosphate which are due to the decomposition of the urea of 
the unne subsequent to its emission 1 have met with deposits of 
crystallised phosphate of lime in some hundreds of urines, and in 
many different cases, it is therefore not a little remarkable, from 
the frequency of its occurrence and the peculuuitxes presented by the 
ciystals, that it should have been so long overlooked The micro¬ 
scope therefore furnishes us m most cases with the ready means of 
detecting the presence of deposits of phosphate of lime, os of so many 
other urinary deposits 

Ckaraetere of Unne depottUng CryetaUised Fhoephate of Lme 

The urine firom which phosphate of hme is deposited is usually 
pale, but oceononally it is high-coloured \ the quantity passed is large, 
and the calls to void it frequent, more or less uneasiness and amart- 
ing being occasioned hy its passage, at the neck of the bladder and 
along the course of the urethra: its s|>eotfio gravity varies greatly; 
taking the whole quantity passed m twenty-four hours, it is usudly 
below the average, nevertheless the animal matter and urea are 

* The Figarn on the preceding page ropreient tetecied poriioni of four of 
these drawings alt the oh)eets are magniSed 100 diamelen 

' x2 



absolutely lu excess It is generally feebly acid» often decidedly so 
when first voided* the greater part of the phosphate of lime becoming 
deposited whde the unne still retains some degree of acidity, it 
however speedily becomes alkahne, owing probably to the excess of 
mucus contained in it Sometimes the ciystals of phosphate of hme 
are thrown down from the unne before its escape from the bladder, 
ordmanly, however, the unne is bnght and clear when passed, and 
the crystals are not formed until some time after it has been voided 
In collecting this phosphate for analysis, the object being to procure 
it in as pure a state as possible and as free from phosphate of 
ammonia and magnesia, oxalate and carbonate of hme, it should be 
separated from the urine very soon after it has become deposited, 
and before decomposition has had time to set in 

On the Pathological Importance of Depoeite of Phoephate qf 
Lime in Human XJnne 

Of the pathological importance of excess of phosphate of hme in 
the unne not a doubt can be entertained, but certam reasons and 
ikets may be advanced to show that deposits of that phosphate have 
a deeper pathological sigmficance than those of the phosphate of 
ammonia and magnesia. The proof of this is the more necessary, 
since wnters on the unne are m the habit of descnbing, os well as of 
treating, deposits of the earthy phosphates collectively, and without 
distinguishing between them * this course was natural enough so long 
os they were unacquiunted with the fact that deposits of phosphate of 
lime m the state of crystals are of frequent occurrence, or so long as 
th^ mistook them for a variety of the ammonio«magnesian phos¬ 
phate, One reason why we should be disposed to attach greater 
importance to the excess of the calcareous than the magnesian phos¬ 
phate, is that most of the phosphoric acid of this last phosphate, 
and all the magnesia, is derived from without^ being contained m 
the various articlea consumed as food, while for the phospbidie of 
hme, we have m the system—in the teeth and bones, and tdra m the 
nitrogenouB tissues—sources containing some pounds weight of this 
phosphate. 

Tlmt the osseous system is sutqect to disintegratum is certain, and 
that the extent and rapidity of this differ remarkably m dtSsrent 
cases IS equally so. This is shown by the simple fret alone of ^ 
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early and rapid decay of the teeth m many persons For this general 
reason therefore only, we should, a |inort, he disposed to attach 
greater importance to the occurrence of deposits of phosphate of lime 
than those of phosphate of magnesia 

Other facts tending to confirm this view are, first, that while 
deposits of phosphate of lune are frequently met with, those of 
phosphate of magnesia (not the ammomo-magnesian phosphate) are 
exceedingly rare , and second, that the calcareous is of more difficult 
solubihty than the magnesian phosphate. This last circumstance 
exphuns probably why phosphate of lirne falls as a deposit from 
acid urme, while phosphate of magnesia remains m solution 

The particular or spenal reasons for regardmg deposits of phos¬ 
phate of lime as of more moment than those of the triple phosphate, 
are derived firom direct pathological observation. I have observed 
that when this deposit occurs, it is very apt to be persistent, and 
when it has disappeared, to return whenever the health is reduced 
from any cause. I have also noticed that, when it is persistent, it is 
usually associated with marked impairment of the health, and this 
often where organic disease does not exist. The prominent symptoms 
in one case of calcareous phosphatic deposit which I have had under 
observation for some years, were,—great disorder of the digestive or¬ 
gans, frequent and distressing headaches, occasional vomiting, debility, 
emaciation, great irritability of the nervous system, sexual powers 
weak, pulse slow and feeble, skin cold, urine in excess, of rather low 
specific gravity, amd when passed, but soon becoming alkaline, mte- 
tuntion frequent, with irritation at neck of bladder and m the course 
of the urethra * teeth much decayed It should be stated that 
there is in this case a very slight tendency to paralysis of the right 
leg, as shown by an occasional sensation of coldness in the limb, and 
riight deficiency of power in it at times only This symptom is, 
however, by no means a constant or necessary one in such cases 

If these views of the pathology of phosphate of hme be correct, we 
should expect to find an excess of that phosphate m the unne in great 
and rapid waste of tissue, during the rapid decay of the teeth, and 
in casesof «ol/ifresoMtifsi That there is an exccssof thecdcareous 
phosphate in the unne in these cases, is shown abke by observation 
and scnalysis. 

It 18 flhvious from this imperfect sketch that much remains to bo 
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effected in regard to the pathology of phosphate of lime, but novr 
that the frequency of its occurrence in human unne ns a crystalhted 
deposit 18 made known, its pathology, apart from that of the triple 
phosphate, wiU no doubt be specially considered. 

It will be apparent from the following quotation, that the late 
Dr Golding Bird regarded deposits of phosphate of lime as of more 
consequence than those of thetnple phosphate —** The pathological 
state of the system accompanying the appearance of deposits of 
phosphate of lime is analogous to that occurring with the triple 
phosphate, indeed, as has been already observed, they often, and in 
alkaline unne always, occur simultaneously So far as my own ex- 
penence has extended, when the deposit has consisted chiefly of the 
calcareous salt, the patients have appeared to present more marked 
evidence of exhaustion, and of the previous existence of some drain 
on the nervous system, than when the triple salt alone existed, unless 
Its source is strictly local ” 

It should be remembered that these remarks of Dr Bird refer to 
deposits of phosphate of lime in the granular etate^ and not to the 
crystalline deposits, with the occurrence of which he was unacquamted 
I have already stated that, according to my expencnce, the granular 
calcareous phosphatic deposits are much more rare than the crystalhne. 
It follows from these observations and investigations — 

WvreU That deposits of eryeta^heed phosphate of lime are of fre¬ 
quent ocenrrence in human unne, much more so, indeed, than those 
of the amorphous or granular form of that phosphate 
Second That the crystals present weD-marked and highly cliarac- 
teriitie forms, whereby the identiflcation of this phosphate by meatia 
of the microscope is rendered easy and certain 

Third HhBt there is good reason to believe that deposits of phos¬ 
phate of lime are of greater pathological importance than those of 
the phosphate of ammonia and magnesia. 


February 2, I860. 

Sir BENJAMIN C. BBODIE, Bart., President, m the Chair. 

In accordance with notice given at the last meeting, the R^i^t Bo* 
nourable Bur Edward Ryan, Member of Her Majesty^s Privy Gounoil, 
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was proposed for election and immediate ballot, and the ballot having 
been takeiii Sir Edward Byan was declared duly elected 

The following communications were read.— 

I “ On the Sacchanne Function of the Lirer ” By Gboroe 
Harlby, MD, FC.8», Professor of Medical Junspm- 
dence in University College, London Communicated by 
Dr. Sharfjsy, Sec 11 8. lleceived December 19,1859 

Although it u nearly 200 years smee our countryman, the cele¬ 
brated Dr Thomas Willis, made the important discovery of the 
occasional preBmee of sugar in the human urine, it was not, until 
very recently, known that the formation of saccharine matter is con* 
stantly going on m the healthy animal body. 

Since Bernard, in 1848, communicated to the French Academy 
the discovery of the sacchanne function of the animal organism, 
physiologists m all countnes have more or less directed to it their 
attention. For a time vanous opinions were held by different ob¬ 
servers regardmg the ongin of the sugar found m the body, but at 
length It was generally admitted that the hver had the power of 
forming a substance to which Bernard gave the name Glueopen , 
that this peculiar substance was transformed mto sugar, and that 
the augar in its turn disappeared in the capillanes of the different 
organs and tissues of the body. 

In the summer of 1858, however. Dr, Pavy read a paper on the 
** Alleged Sugar-formmg Function of the Liver’’ before the Boyal 
Society, the object of which was to prove that the presence of sngar 
in the animal economy is due to a poBt mortem occurrence,”—that 
as hmg as life continues, glucogen only is to be founds and not until 
after death does the transformation of this substanoe into sugar begin. 

The question of the sacchanne function of the liver being a sub¬ 
ject to irbieh 1 have more or less directed my attention sum 1853, 
when I eommunicated to the Soadtj de Biologie de Pans an account 
of an expenmentol procedure whereby diabetes con be produced 
artificially m animals, the above-mentioned paper was to me ons of 
peculiar interest. The conclusions of the author were so mneh op¬ 
posed to the results of my own experiments, as well as those of other 
observenh that I fidt aaxioiis to test them. 
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Accordingly, having received the kind offer of Professor Sharpe}’s 
cooperation, I undertook a senes of expenments, the results of which 
1 beg the honour of communicating to the Royal Society 

As the expenments performed were merely a repetition of some 
of those made by previous inquirers, 1 shall not enter mto detail 
further than is necessary to explain the precautions adopted with tlie 
view to avoid error And, looking at the object in view, it will 
readily be understood why in the present instance the tests employed 
for the detection of the sugar were hmited to caustic potash with 
and without sulphate of copper The mode of proceeding was as 
follows In tcstmg the blood, a quantity of distilled water, equal 
to about four tunes that of the blood used, was boiled m a capsule. 
To the water, when boiling, were added a few drops of acetic acid, 
and afterwards the blood was very gradually introduced In order 
that the albumen might be thoroughly coagulated, a drop or two more 
of acetic acid was added, care being taken to avoid an excess When 
the albumen was completely coagulated, which was known by its 
separating and floatmg in the clear liquid, the whole was thrown on 
a filter* The dear filtered hqmd was then tested The same pro¬ 
cess was followed when operating on the liver 

The first point to be ascertained was whether, under favourable 
eircumstances as regarded diet, sugar could be found m the drcula- 
tioD The following experiment proved this 

Eaep* 1. From the carotid artery of a rough temer dog, three 
hours after being fbd on bread, milk, and boiled liver, a portion of 
blood equal to about three-fourths of an ounce was withdrawn 
Hus, on being treated in the maimer explained, gave distmct 
evidence o^ the presence of sugar. A second portion of blood, after 
standing thirty-five minutes in a room of moderate temperature, 
yielded a smular result 

As in this instanoe a few seconds elapsed between the withdrawal 
of the first portion of blood and its treatment with the bcnhng aadn- 
lated water, and as it was possible that in these few seconds the sugar 
might have been formed flrom the glucogen present in the circulatton, 
we (ProftsBor Sharpey and myself) thought it advisable in our next 
experiment to allow the blood to flow directly ftom the artery into the 
boiluig mixture^ and thereby avoid the possibility of sugar bung pro¬ 
duced by the trinsformatiott of i^neogen after the removdof tbeUood 



from the body. It wie further desired to operate on an ammal in 
what might be conndered its natural condition as to food Accord¬ 
ingly one that had been running at large was 8elected» and the 
following expenment performed *— 

Exp 2 Into the left carotid artery of a snudl cocker dog was 
inserted a oanula with a stopcock The animal was then placed so 
as to allow the blood to flow directly uito the boilmg aadulated 
water The clear filtered liquid from this blood became of a yellow 
tint on being boiled with soda* and gave a red precipitate with the 
sulphate of copper end potash, thereby indicating the presence of 
sugar. Two ounces of blood from the same animal were similarly 
tested after the blood had stood twenty-four hours in a room of 
moderate temperature, and the result obtained was the same as 
with the first portion 

The next expenment was made on an animal under conditions, 
as regards food, unfavourable for the production of sugar. In order, 
too, to avoid any chance of injunng the sympathetic nerve dunng 
the operation, and thereby favounng the formation of sugar m the 
body, the blood was withdrawn from the right femoral artery instead 
of the carotid. The following are the particulars of the expen¬ 
ment 

JBxjfk 3. A good-sued dog was fed solely on flesh dunng four 
days. Three hours after the last meal, which consisted of half a 
pound of boiled horseflesh, os of blood was permitted to flow 
from the femord artery directly into the boiling mixture. The 
solution obtained from thu blood, as m the other cases, contained 
sugar. Another portion of blood, after standing three hours, was 
tested m the same way, and, as fiir as could be judged by the eye, 
contained a similar proportion of sugar. 

In neither of the preceding oases was the amount of sugar in the 
blood quantitatiyely determined, as I had already done so on many 
previous oooasions; and 1 knew that in healthy arterial blood it 
varied aeoording to the state of the digestion, and the kind of food, 
from an inqipreeiable quantity up to 0*24 percent * 

Having been now latufied that sugar is to be found m the blood 
of healthy animals at the very moment of its withdrawal from the 

* the Physiology of Ssccharioe Urine,” by Oeo. Hariey, M J>, Britub 
and Fhnign Med. Cbhr. Her July 1857, p. 191-804 
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circulation, even when none haa been introduced along with the 
food, we next proceeded to test the grounds upon which it had been 
asserted that glucogen is not transformed into sugar in the healthy 
hver during life. 

In the paper already referred to. Dr* Pavy stated that the sudden 
abstraction of heat Arom the liver after its removal from the body, 
checks the transformation of the sugar-forming material, and thereby 
enables us to operate on the hepatic substance while in the same 
chemical condition as during life. The plan he recommends is to 
sacnfice a dog by pithing, and instantly to slice off a piece of liver, 
and throw it mto a freeamg mixture of ice and salt In which case 
he says the absence of sugar is almost complete, and thence con- 
dudes diat the presence of sugar m the hver can no longer be looked 
upon as a ** natural ante mortem condition, '* but m reality due 
to npoet mortem occurrence ” 

In the following experiments, not only was the plan recommended 
most scrupulously followed, but even the nsk of the glucogen in the 
hver becoming transformed into sugar dunng the process of pre¬ 
paring the decoction, was avoided by cutting the frozen hver mto 
thin shoes, and allowing them, while still m that condition, to fall 
directly into the boilmg mixture of acetic acid and water The hver 
was m this way prevented from thawing until it entered a medium 
as capable of arresting the transformation of its glucogen into sugar 
as the cold. The decoction so obtamed might therefore be {wesumed 
to contam the soluble matters as nearly as possible m the same 
ohemioal state as they were m the living organ. 

JBiyi. 4. A email, but full-grown dog waa fSpd during fourteen 
days edely on aniinal food. Four hours after a meal of boiled 
horseflesh he was killed by section of the mednlls oblongata. The 
abdomen was rapidly opened, and a portion of liver cut off and 
instantlj immersed m a freesmg mixture of loe and salt. A second 
pordon of liver was as speedily as possible detached, and qojMj 
wadied in cold water. The latter portion waa then, without loss of 
rime, cut mto fragments^ whirii were aOoWed to M dkwAj mto 
boiling acidulated water. On testing the dear filtrate, distinet evi* 
deuce of the presence of sugar was obtained. After half on hour, 
the ftosen portioa of liver was taken, without bemg allowed to 
and dioed directly into the bdUug water with acetio add. The 
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clear liquid yielded ui this case aa distinct endenoe of sugar as m the 
other Forty minutes after the death of the animal, another portion 
of hver, which till then had remained undisturbed in the abdomen, 
was treated like the others This gave evidence of contaimng a much 
greater quantity of sugar, thus confirming Bernard's statement, that 
the transformation of glucogen goes on m the liver after its removal 
from the body, or after the death of the ammal 

In order to be perfectly certain that the sugar found m the liver 
at the instant of its removal from the body was really formed where 
it was found, and not earned there by the jmrtal blood from the 
food, the following experiment was performed •— 

Sxp A dog was fed dunng ten days on boiled tnpc Twenty- 
two hours after the last meal the animal was pithed In less than 
twenty seconds a portion of the liver was in the freezing mixture of ice 
and salt While 1 boiled directly another portion of liver. Professor 
Sharpey put a ligature on the portal vein, and collected its blood 
He likewise collected some of the hepatic blood which flowed from 
the cut liver. 

In the portal blood not a trace of sugar could be detected The 
hepatic blood, on the other hand, gave distinct evidence of its 
presence Both bloods were tested exactly alike The clear hquids 
ohtamed from the frozen hver and from the portion treated directly, 
notwithstanding that they were filtered while hot, and idso tested 
while still hot, both gave distinct evidence of sugar. On the follow* 
ing day a second portion of portal blood, which had been purposely 
k^t all night in order to ascertain if, on standing some tune, sugar 
would form in it, still yielded the same negative result. Even after 
treating it with saliva, which wotdd have transformed its glucogen 
into sugar, had it oontamed any, no evidence of the presence of sugar 
was obtained. On the other hand, when saliva was added to the 
decoctions of the hver above spoken of, a great mcrease in the 
amount of sugar was observed. The quantity of mxffLT so obtained 
did not appear to be so great, however, as that yielded by a portum 
of the liver which remained all night untouched in the abdomm of 
the animal. 

Professor Garrod, F.R,S., who was present, not at <ho commenoe- 
ment of the expenment, but on the following day, when the difiBerent 
deeoctKms were tested, agreed with Professor Sharpey and myself, 



tbai this eipenmeut showed the tnith of Bernard’s statemeuty that 
the liver might contain both sugar and glucogen when the portal 
blood contained neither 

The stomach and intestines of this animal were found void of 
food, the large mtestine only contained fmcal matter. 

For the sake of still further assurance that the sugar found m the 
liver was neither due to some accidental cause, nor immediately de¬ 
rived fhim food, we determmed to depnve an animal of food for 
some days before examimng the liver The following experiment 
was accordingly performed.— 

6 A rery large and powerful dog, in admirable condition, 
was subject to a ngid fast for seventy-two hours—three full days 
Immediatdy after death, by section of the medulla oblongata, a por¬ 
tion of the liver waa ahoed off and immersed m ice and salt Blood 
was then collected from the following sources — 

Ist From the portal vein. 

2ndly. From the b>er (t.e. blood which flowed from the hver 
when a portion of it was sboed off) 

3rdly. From the right side of the heart 

4thly. From the aorta 

5thly. From the inferior vena cava. 

Although these bloods were all treated in a similar manuer, and 
tested with the same quantities of copper and soda, yet none of them 
gave unequivocal endence of the presence of sugar, except that from 
the hver. The blood from the right side of the heart gave doubtful 
evidence. At first sight it may appear strange that the blood from 
the right side of the &eart should contain scarcely an appreciable 
quantity of sugar, while that of the liver showed its presence very obvi- 
oudy, but this no doubt arose firom the hepatic blood being m great 
part prevented from reaching the heart s Ist, on account of moat of 
It fseeping into the abdomen, when the portion of hver was cut off; 
and 2ndly, on account of its flow being in great measure arrested by 
the Ugature of the portal veaeeli. 

All the bloods* except the hepatic, aeeihed to be ftee of glucogen 
as well as sugar, for none of them, with that exception, gave any 
evidence of lU presence after being treated with sahva in the usuid 
way 

On examination of the frosen Hver (after three hours), which, as 
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in the other cases, wu not allowed to thaw before being put into 
boiling water, the decoction was found to reduce the copper readily 

On opening the stomach, nothing was found in it except some 
neutral mucus The mtestinea were equally destitute of food, and 
in the rectum only a very small quantity of fteces was found, so 
there could be no doubt as to the animal being in a fasting con¬ 
dition 

The only point now remaimng, was to determine quantitatiyely 
the increase in the amount of sugar in the hver after its removal 
from the body, and for that purpose we preferred operatmg on au 
ammal fed on a mixed diet 

7 A small dog, which had been previously fed on animal 
diet, received a full meal of bread and milk Five hours afterwards 
the ammal was pithed, and a portion of the liver rapidly shced off 
and immersed m a freezing mixture A hgature was placed on the 
portal vein, and its blood collected before the circulation had 
ceased. 

On examination, this blood was found to contam a small quantity 
of sugar, denved no doubt from the food. Bernard, I believe, has 
erred m supposing that all the sacchanne matter found m the ammal 
organism is formed out of the glucogen produced in the brer. This, 
no doubt, is the case m the carnivora when the diet is restricted to 
food inconvertible mto sugar m the alimentary canal, but cannot be 
r^iarded as the natund state of things either in the omnivora or 
herbivora; for the food of the latter not only contains sugar, but Us 
amylaceous elements may be converted into that substance m the 
process of digestion. The sugar found in the bodies of animals fed 
on a mixed diet oug^t therefim to be regarded partly as the direct 
product of the food, and partly as denved from the glucogen formed 
in the liver. 

Beniard^a diief argument against this view is fbunded on the fket 
that the livers of dogs fed on a mixed diet contiun no more si^ar 
than those fed on purely animal food In my opinion, however, 
this feci IB not infBdient to decide the question; for, as the 
bver does not store up sugar, the quantity it at any time contains is 
no criterion of the amoimt produced in it. Moreover, the sugar de¬ 
rived from the food need not be expected to be found m the liver. 
Had Bernard gauged the sugar present m the blood, instead of that 
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an the liTer* after each kind of diet, the result obtained would. 1 be- 
here. ha?e led him to a different conclusion This being a point of 
great practical importance in the treatment of diabetes. I may be 
here permitted to mention that I hare occasionally found nearly twice 
as much sugar in the blood of an animal on a mued. than m that of 
one feeding on a purely flesh diet* 

To return to the last expenment About two hours after the 
death of the ammal. portions of the frosen part of the liver, and of 
that which had been kept warm in the body of the animal, were 
carefully weighed, and the proportions of sugar they respectively 
contamed estimated by volumetric analysis* 

The portion of frozen liver was found to contam 0 333 per cent. 
and that of the other 1*55 per cent, of sacchanne matter It is 
thus seen that m two hours the sugar in the hver had augmented 
nearly fivefold. As Bernard has shown, the simple washing ont 
of the liver by passing a stream of water through its vessels^ would 
remove all the sugar anteriorly formed On placing it agam aside 
for a diort time, a fresh portion of sugar would form in it at the 
expense of glucogen 

0*333 per cent of sugar scemsa small quantity. but if we suppose 
a hver weighing, as in man. not less than 50 oz*. to contain 0 333 per 
cent*, above 70 grs. of sugar would be present in it at the 
moment of death.—no veiy insignifioant quantity, when it is recol¬ 
lected that sugfur is removed from the liver with every pulsation of 
the heart, to be partly consumed, and that it is as continually sup- 
phcd by the organ. 

The results of the experiments now related do not therefore in 
any way countenance the notion that sugar is not produced m the 
healthy animal body On the contrary, such oonclusions as th^ 
afford are altogether in favour of the generally received views upon 
the sulject. 

From the preceding expenments the following conelunoiis may be 
drawn:— 

let. Sugar is a normal constituent of the blood of the general 
circulation. 

2ndly. Portal blood of an animal on mixed diet oontaina sugar. 

3rdly. Portal blood of a fasting animiil. as well as of an ammal 
fed solely on flesh. » dovmd of sugar. 
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4thly The livers of dogs contain sugar, whether the diet is animal 
or vegetable 

5thly, Under favourable ciroumstaneesj saecfaarme matter may 
be found in the liver of an animal after three entire days of rigid 
fiuting. 

6thly The sugar {bund in the bodies of animals fed on mixed 
food IB partly derived directly from the food, partly fbrmed in the 
liver. 

7thly The livers of animals restricted to flesh diet possess the 
power of fbrming glucogen, which glueogen u at least in part trans¬ 
formed into sugar in the liver,—^an inference which does not exdudc 
the probability of glueogen (like starch in the vegetable organism) 
being transformed mto other matenals besides sugar 

8thly As sugar is found in the liver at the moment of death, its 
presence cannot properly be asenbed to a poH mortem change, but 
is to be regarded as the result of a natural condition. 


II "Hereditary Transmission of an Epileptiform Affection 
accidentally produced.” By E BnowN-S^QUABO, M.D. 
Communicated by Dr ShabfeYj Sec. B.S. Beoeived 
December 23, 1859. 

It IS well known that the number of facts which seem to prove 
that an accidentally produced affection maybe transmitted by parents 
to tbmr offspring is still small, and that senous objections have been 
raised against most, if not aU, the facts of this kind The following 
observationB seem to diow peremptorily that, at least in one spemea of 
uifanals, this kmd of transmission may occur. 

I have shown that oertam mjunes to the spinal cord, ui Guiuea- 
pigs and other Mammab, are followed, after a few weeks, by a con¬ 
vulsive disease, vety mneh like epilepsy. Far several years it has 
been feequently observed that the young of a number of those ^i- 
l^bo animals, which 1 kept in my laboratory, were at times attacked 
with epileptiform convulmons. For many months 1 have made 
regtdar observations on this curious subject, and I have ascertained, 
by careful watchings that nx young guinea-pigs which had frequent 
attacksof oonvidskms, were the offspring of one male and two femde 
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guineappigi rendered epileptic in coniequence of tn injury to the 
spinal cord. 

This obaerration denves its importance chiefly flrom the fact that, 
if epilepsy is an affection which naturally exists among guinea-pigs, 
it must be veiy rare, as 1 hare never seen it except in the progeny 
of udiTiduals operated upon and rendered epileptic, and yet 
the number of healthy guinea-pigs that 1 have kept for months 
is really immense It seems therefore that we can conclude, from 
these observations, that epilepsy, or an affection which very much 
resembles it, may be transmitted from parents to offspring, even 
when it has been accidentally produced m one of the parents,—at 
least in one speaes of ammals 


February 9,1860 

Sir BENJAMIN C. BRODIE, Bart., President, m the Chair 

The Right Honourable Sir Edward Ryan was admitted into the 
Society, 

The followmg communications were read 

1. On the Ream of the Ficue rubtgtnosa, and a new Homo- 
logue of Benzylic Alcohol.” By Wabeen Djb la Rue, 
PbJ)., F.R.S., and Huoo MOllee, Ph.D., F.G.S. Com- 
munioated by Mr. De la Rue. 

J (Abstract) 

In this oommumcatioii the authors give an account of a new alcohol 
homologous with benzyhc alcohol (C^ Hg O,) which they have found 
occurring in the state of a natural acetic ether m the exudation from 
an Anstndian plant known as the Fkeue rubtytnoea. 

This aoede ether, for which th^ propose the name of Acetate of 
Syooceiyl, oonstitutei about 14 per cent, of the crude resin; the re¬ 
mainder oonsiatmg principeUy of an amorphous resm which they 
name Sycoretin. 

The different degree of solubihiy of the vanous constituents m 
idoohob afforded the means of the separation of the one from the 
other; none of them present any remarkable properties except the 
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new ether, so that the euthon here devoted their attention mainly 
to the working out of the chemical relations of this substance 
Acetate of syooceryl, having very charactenatic properties, could 
be readily obtained in beautifhl crystals, but some difficulty oc¬ 
curred in obtaining it absolutely pure, on account of the presence 
of a parasitical body which accompanied it constantly in solution, and 
always crystallized upon it. At last means were found of removing 
the latter substance by dissolving out the acetate of syooceryl with 
ether The [ler-centage composition of this parasitical body was 
found to be— 

Carbon 76 56 

Hydrogen 12 30 

Oxygen 11 24 

but It existed m too small a quantity to admit of its true chemical 

relations being made out 

Acetate of sycocerylgave on analysu the following per-centaget as 
the mean result of two accordant analyses 


Carbon 

79*09 

Hydrogen 

10 28 

Oxygen 

10 63 


These numhers agree well with those required by the formula 
H„ Ot baud upon expenmental eyidenoe. 

Aoetate of ayooMiyl, when mted upon bj ■odiam-«Ioob<d, jrielded 
aoede add and a bwutiiul crystalline body reseinUing caffebe or 
asbestos t this proved to be a new member of the bensyhe alcohol 
seriu having the oompositun 0^ which requires <ihe following 

perHientage quantitiu •— 

Mesa ef two simIjsss. 

Cariwn 82*44 82 39 

Hydrogen . 11*45 11*38 

Oxygen 6 11 6 23 

The nothon, by noting with ehloride of benaqyl on qroooorylie 
deeholf obtained the oorreqionding heneoete of qreoceiyl , and by 
enpleyliig ddonde of ethyl (aoetyle), have prqiai^ the eoatate of 
syeooofyl whuh wm Ubntieal with die ociginel eiystalliiie ooutitnent 
(ir the resin. 

By treetiiig syooeerylk ekohol withiatrie add, an add ww pro* 
oared wlddi appeeu to bo ayeoeerylie add. 

VOL X. 


T 
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The produotfi of the Action of chromic acid on sycoceryltc alcohol, 
were a white cryatalhne neutral anbatance and a body cryatalhanng 
in large flat pnania The latter appeara to be the sycocer^hc 
aldehyde 


IL '' Analytical and Synthetical Attempts to ascertain the cause 
of the differences of Elcctne Conductivity discovered in 
Wires of nearly pure Copper" By Professor William 
Thomson, F K 8 Received December 22» 1859. 

Five specimens of copper wire No 22 gauge, out of a large number 
winch had been put into my hands by the Gutta Percha Company ^ 
to be tested for electnc conductivity, were chosen as having ihcir 
conductivities m proportion to the following widely different numbers, 
42, 71 3, 84 7, and 102, and were subjected to a most careful 
chemical analysis by Professor Hofmann, who at my request kindly 
undertook and carried out what proved to bo a most troublesome 
investigation The following report contains a statement of the re¬ 
sults at which he amved —* 

“ Royal College of Chemistry, 
March 10th, 1858 

*‘SiR,^I now heg to commumcatc to you the results obtained in 
the analysis of the several varieties of copper wire intended for the use 
of the Transatlantic Telegraph Company, which you forwarded to 
me for examinatiou. ^ 

1 have limited the inquiry to a minute qualtiative analysis of 
the wires, to a veiy accurate determination of the amount of ccqiper, 
and an approxmmtive determination of the amount of oxygen. The 
qualitative analysis has been rqieated several times with as consider¬ 
able quantities os the amount of material at my disposal permitted 
The quanitiaitpe determinations of the copper have been made with 
particular care* and after a lengthened scriqiuloas inquiry into the 
limit of accuracy of which the method employed is capable, I am 
convmoed that the true per-centages of copper cannot be more than 
0 1 per cent, either above or below the means of the detenmnalacaiB, 
the details of which I give you tn the Appendix 

** The following Table ocmtmnsihe results farmdied by analyMi-^ 
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Oondxictivity of tlio 
wire, in reWive 

42 

71 3 

847 

604 

102 

mBBSure* * 






Qualitative analysis k 

1 

Copper 

Iron 

Nickel 

Arsenic 

Oxygon 

Copper 

Iron 

Nuke] 

Oxygon 

1 

1 

Ictl 

Copper 

Iron 

Niekol (doubtful) 
Oxygen 

Copper 

Iron 

Oxygen 

Pur«oentago of i*opper 

98 7rt 

_ 

1 0920 

M9 VJ 

9957 


Amount of inipunhoB 

124 1 

080 

047 

043 

I 

010 


100(10 i 

100-00 

100-00 

100-a) 

100 00 


** Since it appeared probable that the extraordinary difference iii the 
conductivity of the several specimens was due rather to non-metalhc 
impurities than to metallic admixtures, careful experiments were 
made in every case for the detection of sulphur In none of the 
specimens was it possible to discover the slightest trace of sulphur 
Qualitative experiments having established on the other hand the 
preaenoe of oxygen, probably ui the form of suboxide of copper in 
eveiy one of the specimens, au attempt was made to ascertain the 
quantities by determining the loss which the wire after rolling suffered 
when heated in an atmosphere of hydrogen, and by simultaneously 
estimating the quantity of water formed 
** In tins experiment, the details of which are given m its Appendix, 
the following numhers were obtained«— 

Conduotiviby | 43 1713 1347 (364 I 102 

Peroentsge of Oxygen | 0*067 | 0*119 | 0 172 | 0*159 | 0193 

** Unfortunately the same rebance cannot be placed upon these 
numbera as upon the preceding ones, since the method employed 
mvolres many sources of error, and want of material precluded the 
possibility of repeating tibe expenments 
** From tile preceding analysis, it is obvious that the amount of 
impuiiUei in the aeverid specimens examined is small, vsrying as 
It does between 0*10 and 1*24 per cent The number of fore^ 

* I have Mnoe £cmiid IO-'kISI^ ss tiis fiicter to mduge from thu to libmlato 
mewmro Thus Uw oonductiTities of the five ipeoimens are reepeottvelyj56*2, 
953,1114, 113 6,134*1, m terms of one one thousand imlhonth of the B^Ush 
sbeolute unit —W T 

t2 
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constituents also is coinparativelv small I should^ howereTf state 
that the analytical results iwhich 1 have given do not exclude the 
presence of exceedingly minute quantities, even of other metals which 
might have been detected if larger quantities of copper could have 
been submitted to anal} sis Some years ago. Max Duke of Leuch- 
tenberg* examined the black precipitate formed at the anode in the 
electrotype process, during the decomposition of sulphate of copper 
by the galvamc current In this precipitate, of which considerable 
quantities accumulate by the gradual solution of large quantities of 
copper passing through the process, he found the following consti¬ 
tuents i— 


Antimony 

Anenio 

022 

740 

Iron 

Niokri 

0.^0 

226 

Bulimur 

2482 

2-40 

Platinum 

044 

Cobalt 

om 

Selenium 

127 

Gold 

008 

Yunadium 

(V04 

fond 

1-90 

Bilvor 

454 

Tin 

3350 



Lead 

0*15 

Copper 

024 




** Of these constituents, the ten first metals were obviously denved 
firom the copper, in which they could have been scarcely detected 
unless by this accumulative process Of the remamder of the con- 
sUtuents, the tin in a great measure is denved from the soldenngs. 

** The results obtained in the analysis of the copper wires which you 
forwarded to me, appear to estabbsh one fact in a satisfactoTy manner, 
vu that the dimmution of conductivity observed m certain specimens 
of copper is due to the presence in tliese speamens of a certain 
amount of foreign matter, and not, as it has been supposed, to a 
peculiar change in the physical condition of the metal, for in the 
specimens analysed the conductive power rises m the same order as 
the total amount of impunties dimmisbes 

** 1 have, &c., 

(Signed) *• A. W. Hofmann/’ 

*' Prqfmor Wtlham Tkonuon, F,S S, ” 

It iqppears therefore that in the case o£ these four specimens^ the 
electric oondactivity is in order of punty of the copper, but yet 
that only extremely small admixtures of other lubitiuioes are to be 
found even in those which have but half the oondaetivity of the 
best. 


* Peteribargh Aotd Bull vii p 218. 



On the other band, I hare found by expenmenting on artificial 
alloys, that comparatively large admixtures of lead, iron, silver, and 
Kinc seem to produce sometimes improvement, sometimes little or no 
sensible influence, and sometimes (as in the case of zinc) an injurious 
eifect on the conductivity of specimens of pure electrotype cop|>er 
from which the alloys were made The largeness of the proportion 
of other metal required to produce any considerable detenoration m 
companson with that of the whole amount of impurities which Pro« 
fessor Hofmann’s investigation demonstrates in specimens of low 
quality as to conductivity, is worthy of remark, and seems to 
indicate tliat this low quality must be due to other than metallic 
impurities 

The great difiereuce between the conducting qualities of two spe* 
eimens of electrotype copper, from whuh two senes of alloys were 
separately prepared, seems also to indicate some as yet undiscovered 
cause, as operative in general 1 am assured by Messrs Matthey 
and Johnson, by whom all the alloys were prepared, that similar 
methods were followed and equal care bestowed to ensure purity m 
the two cases 

The results of my measurements of conductivity are shown m the 
following Tables •— 


Tabls I —Two Senes, Nos 1-10 and Nos. 1-32, of Specimens 
prepared by Messrs Matthey and Johnson from pyre electro¬ 
type copper, and the same alloyed with other metals, as spe¬ 
cified 


Speoiflostioii of compound 


Pure copper 
Pure copper allqyed 
Pure copper 
Pure copper sUeyed 
Pure oopper eUc^ed 
Pure copper alloyed 
Pure copper olk^ 
Pure w^iper alloyed 
Pure copper nlloyed 
Pure copper alkiyec) 


SjuubsI 


with 25 
wifii 13 
with *25 
with 13 
witli 25 
with 13 
with 80 
wilh 40 
with 1 40 


per cent, silver 
per cent silver 
percent lend 
per cent lead 
percent tui 
percent tin 
percent zim 
|)er cent zinc 


Spofuflr 

conduott- 

Tily 

1385 

138 5 

i3»5 

144 

140 

131 

133 

125 

1205 

103 
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Table I 


1 

1 

SpCdllcaOon of eoiii]x>\md | 

8pi*oiQi 

(.utidiuti- 

vity 

B 

SkiiirH 11 1 

0W7 5 K)pper+2 5 wlver 1 

898 

2 

008 7 eopiK'r f 1 3 wlvce \ 

1177 

3 

007 o copptT+2 5 lottd , 

945 

4 

908 7 00 per-f 1 1 load 

1008 

5 

997 5 coppcir+2 5 tin 

910 

0 

998 7 copper4* 1 3 tin 

Ll(*9 

7 

909 (sopi^r+l ailvor 

1207 

8 

909 copper+1 lead 

i;i4 2 

0 

999 copper "|- 5 lwul+ J ailier 

128*0 

10 

Eqiutl jutrts of I and 1 

89 3 

n 

997 5 <;op|>er+2 'i in>n 

129 7 

L2 

OlW 7 eoplx^r4•l 3 iron 

1137 

18 

)(XJ9 copper+2 5 protoxide of copjK'r 

1225 

u 

1000 parts of 3 k-^2 5 protoxide of cupper (too brittle to test) 

1197 

1 j 

1000 pariH of 4 A+S 5 protoxide of copper 

10 

9*t7 5 oopiH'r-f*2 'i zme 

9*15 copper+2 5 lead 4* 2 u zme 

108 0 

17 

851 

1ft 

***> * 1 opper+ 2 > load+2 5 iron 

1315 

lU 

*H87 parts of II4-I 3 load 

135-0 

20 

997 f) purtH ot 114“2 5 zinc 

776 

21 

998 7 parts of 11+1 3 nnc 

952 

22 

Wl jHirlA of 11 -f 1 3 lead ^ 3 xino 

117*6 

23 

*192 < opper-f 8 21110 

118*9 

M 

1#96 <jopptr-f 4 zinc 

1170 

25 

UftO i*opper-f 14 zinc 

802 

2H 

*182 < opper-f-18 zinc 

102 J 

27 

994 eopper-f 0 zino 

109 5 

28 

980ooppi>r-f-20 ulnuuniuin 

440 

20 

990 eopper+lO aluminium 

128 7 

JO 

995 copper-f-fi alumimutn 

1225 

31 

997 copper-f-3 Hliizimuuiii 

1302 

32 

JPuie^ppw, IWim which all the above new* made 

120-9 


Table 11 —Firnt Senes (10 speciinenB) arranged m order of 
conductivity 



Speciflcatiou of comtiouYid 

8x>eciflc 

oonduott- 

vity 

5 

4 

3 

2 

I ; 

7 

6 

8 

9 

10 

Pure copper alloyed with 13 per cent of lead 

Pure copper alloyed with 25 per cent of lead 

Piupo copper alloyed with 13 pet cent of silver 

Pure copper alloyid wiUi 25 per oent of sUvor 

Pure copper 

Pure copper alloyed with 13 per cent of tin 

Pure copper alloyed with 25 per oddL of tin 

J*ure copper alli^ed with 80 per cent of zinc 

Pure copjier alloyc^d wUh 40 per cent, of zme 

Pure coi>per alloyed with 1*40 pear cent of zinc 

140 

1446 

1396 

1885 

1386 

133 

131 

126 

1205 

103 
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Tablk 111 —Second Senet (32 specimens) arranged lu order of 
couductiTity. 



19 

ft 

]ft 

11 

11 
21 ) 

0 

7 

U 

W) 

L5 

23 

2 

22 

21 

ft 

12 

27 
1ft 

4 

21 

5 
5 
10 
17 
25 
2U 

1 

28 
14 


ftpouUoation of oompoiintl with inanufacturorH* description 
of nicchamcal (jimlily of wire 


Hp(M ific 
conducti¬ 
vity 


9987ofNo )i4-13)Md feir 

999 copjiuiI load fnir 

905 ro|>por-j-2 5 ^-2 5 iron vorr gooil 

|9l)7 cop{>er-j-2 aluminium gwid 

!)*)7 1 copptv-fJ 5 iron not vtry gfM>H 

jW'K) oop]HT-f-iO alunnnium gooil 

p)*H) oopper-f* 5 loatl-f- *> silitr ralhor bi4t^r Uian No 8 

Iftftt) (oppcT-j-1 tub er fair 

111)00 £‘opiM>r+^ protoxide of eopjior very bud 

')!)■) oopper-fft aUiininmiu verj gnoii 

Pure copper very good 

lUOOurXu 44*2 5 protoxide of uipper bolter than No 14, 
but not gf^od 

992 < upper [■ N nne flrat-mtt nlloy 

*)9H 7 cimjxT 4 1 1 Hilvtr fair, but niihirtrnngible 

9‘)7 5 of No 114*1 1 liad+l 3 nm very giHKl iiuleed 

99(} uoppi*r4*‘l xiuc mixlt ratcly good 

998 7 topper4* 1 1 tin pi rliaps not quito «h good u» No 5 

998 7 copper-f I J iron fraujpble 

#04 4x>pper49 ?nu good 

997 5 copjK>r4-2 o xinc th«l rate alloy 

998*7 toppop 1 ft U»ad rolbor better than No 4 
982 copwr 18 znu very good 

998 7 ofNo Il4-t3zim \tryfBir 

997 5 copper 4-2 o lead ginid, hut reqiurea care 
997 5 copper4-2 5 tin much the sumo as Nos 3 and 4 
Bqual parts of Nos 1 and 3 bad, frangible 
995 copper4‘^ l®w1 +2 5 rinc very good 
98ft oopptr-j-H xitio first-rate alloy 
W)7 5 of No 11 4-2 o *ino very fair 
997 5 copper 2 5 silver fair, but ratlior frangible 
980 oopp^4-20 altinuniiim not very good 
lOOOparUof No 34-2 5 protox eupper, alinoat undrawable 
(too brittle to test) 


1350 
1312 
m 5 
1402 
129 7 
1287 
1280 
1207 
1225 
122 5 
1209 

1197 
1189 
1177 
1170 
1170 
110 9 
1137 
109 5 
108 9 
1058 
1023 
052 
945 
910 
89 3 
6u*l 
80 2 
77tl 
698 
440 


The (tUoys numbered 14 epd 15 were prepared wilh a view 
to teating the powible effect of a auboxtde of copper mixed or com- 
bmed with the mau Although tb^ do not aeem worse than others 
of nearly the same metallic composition, it cannot be considered that 
they demonstrate that oxygen exercises no inilaeMe, os ae portion of 
oxide introduced may have been reduced in the meltn^; and indeed 
It M quite possible that some accident m the melting may possibly giro 
rise to omdisrion to a greater or less degree, and may oaose some of 
the inregulanties and uncertainties which bare been observed. On 
ibis 1 may ragMvk, that although I have found that no mechamral 
alteration by hammering, twisting, Ac produces any considerable 
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effect of the conductivity of one piece of eohd oopperj 1 have not 
yet found whether or not apecimeui either good or bad retain their 
epeeific qualities after mehing. 

I iqay add, that it will be of great importance to ascertain the laws 
of variation of conductivity with temperature, of different specimens 
of nearly pure copper differing largely m conductivity. 1 have 
hitherto used standards of copper wire in all the relative determina¬ 
tions of conductivity which 1 have made for different commercial 
specimens and artificial alloys of copper, and before I found the 
very large differences of conductivity shown m tins and in my pfe- 
oeding communication to the Royal Society (June 15, 1857)* it 
seemed natural to suppose that the relation between specimen and 
standard would remam constant, or nearly constant, when the tem¬ 
peratures of the two are varied to the same extent Now, however, 
It seems scarcely probable that this can be the case, and a rigorous 
experimental examination of the influence of temperature becomes 
necessary 

♦ 

P.S April 11, 1860—I append the following extract from 
evidence which I gave on examination liefore the Government Gom- 
nuttee on submanne telegraphs on the 17th December, 1859, as it 
bears directly on the subject of the preceding article, and shows 
what degree of weight may in my opinion be attached to the syn¬ 
thetical attempts which have been described 

(CAairmoR.) Question 2458. Soon after you became a Director 
of the Atlantic Telegraph Company, was your attention directed to 
the conductivity of copper T—^Yea. 

2459. You insdtated a senes of expenments, did not you, to d^r- 
mine the variation of this quality in different samples of copper^—. 
A number of samples of copper were, at my request, put into my 
hands for the pnrpose of measuring their conductivity in consequence 
of my having aoctdentally noticed differences greater than 1 expected 
in the ooaduotu^ power of one or two samples which I had had 
previously. 

2460. Will you be good enmq^ to state the genend lesuHs at 
which you idtimately arrived, and your modes of expenmentu^f-^ 
My modes iff experimenting did not differ matenaUy fnm the 
methods which had been followed by eertain other expenineateii, 
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espeoudly in Germany, and were in reality all baaed on Professor 
Wheatstone's invention of a beautiful method for comparing re- 
siitances, to which I have frequently referred as Professor Wheat* 
stone's electric balance. 

2461 What were the results at which you arrived?—^That dif¬ 
ferent specimens chosen at random from the stock supphed for 
manufacture differed immensely in conducting power. 

2462 Although nominally the same quality of copper^—Yes, 
although nominally the same quality of copper All those specimens 
of wire were supposed to be of the very best quality, the only copper 
supposed to be good being that which admitted of being drawn into 
wire suitably for the purpose. A good mechanical quality was ne¬ 
cessary to prevent frequent fractures in the wire-drawing, and to un¬ 
derstand that, 1 should say that hanks in unbroken lengths amount¬ 
ing to a large mass were always required, the worse metal being 
found to break beiore it could he drawn into a hank of a certain sue 
The mechanical quahtiea seem to have been satisfactorj, but no sus¬ 
picion whatever was entertained that there were also large differences 
m electric conducting power. W Weber had many years before 
pomted out considerable differences m different specimens of copper 
wire which he had tested. I found differences much exoeedmg 
those, and I did not, as I expected, find any approximation to a 
uuifbrm average among the different sjiecimens tested, some spe¬ 
cimens 1 found nearly double in their conducting power, compared 
with others, reckoned according to the weight and length, allowing 
for the vanatiouB of gauge Calling the best specimen which 1 had 
in the summer of 1857» 100,1 found many specimens standing at 
60 in specific conductivity, many standmg at 50, many standing at 
80, a few above 90, and so far as I can recollect, the average of a 
large number of specimens that I then exanuned may have stood 
between 60 and 70, but I consider the statement of such an average 
to be of no value, it is so much a matter of chance If 1 had re¬ 
ceived a dozen spemmens of a low quahty below the average, or if I 
bad chanced to receive a dozen specimens of a higher quality, the 
average would have been so much the lower or the higher I never 
had an opportunity of measuring the conductivity of 200 or 300 
miles of Bubmarme cable, such alone would have given me exact m- 
formation as to the average for that portion of cable I may men- 
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tion that n month or two later, still in the summer of 1857. I re¬ 
ceived specimens of wire which were ui stock hir submarine tele¬ 
graphs.—for some of the Mediterranean telegraphs, I believe,—which 
stood as low as 43 on that scale, and, lastly, 1 may mention that 1 
have since met with specimens standing 2 or 3 per cent above the 
100 , and an artihcuil alloy, which I had prepared, stood, so far as 
1 can estimate, as high as 111 

2403. AVhat was that alloy 7—^The alloy consisted, so far as 1 can 
recollect, of copper and 13 per cent of lead 1 have made experi¬ 
ments upon a senes ot allots, m all about 4) or 44, and have te- 
cently repeated the examination so as to arrive at accuracy, within 
certain limits , and I expect, immediately, to be able to conimuuuate 
to the Royal Society, for publication, the results A few months 
ago I sent a [iroiisioiial list of the specimens, showing the relative 
conductivity of thoKe alloys, but, possibly, reepunng correcUou as to 
the absolute conductivity stated That list was communicated to 
Mr Latimer Clarke, and, 1 believe, a copy of it was had before the 
Committee 

2464 (Pro/etwr Jr/ieatstone ) Were )ou quite certnm that you 
employed pure copper in your experiments T—1 could not be quite 
certain 

24b5 The copper might be alloyed with other things than 
metals, is it not very probable that it might contain some snboxuie, 
and that the mixing of lead afterwards with it might have reduced 
the suboxide, aud therefore have gi\eu it a higher conducting power 
on that account ?—That is possible, 1 cannot say that 1 am at aU 
satisfied that the experiments which I have made point out distinctly 
the relation between the asc*ertaiued chemical combuiatiou and con¬ 
ductivity 1 may mention that one of my alloys was made with a 
Buboxide melted witli the cojiper, but the uncertainty of the pro¬ 
cess of melting the suboxule and the uncertainty as to how much of 
the oxidation may have disappeared in the melting, prevented me 
from attributing much weight to the experiment 

2466 {Chairman ) What was the result with that alloy, was it 
a low result, or a high result 7—A moderate result, not a low result. 

2467 But not a high one 7—A somewhat high result ; hut 1 may 
meDtiou that m one senes the highest conductivity was found with 
a mixture of lead aud iron, fractionb of a per cent, of lead, and 
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fractions of ft per cent of iron mixed with pure copper gave a higher 
coriductinty than a nominally pure copper, with which the alloys 
were prepared I must mention farther, that in two senes the alloys, 
both prepared by Messrs Matthey and Johnson, and as 1 have been 
assured with equal care, gave results presenting considerable discre¬ 
pancies , the conductivity ut the pure copper in the first stood high, 
nearly agreeing with the 100 of my first scale, the pure copper of 
the second senes fell considerably below that limit (Jri this account 
It np])ears that even pure copper, carefully prepared by the electro¬ 
type process, does not always gi\e us results which show perfectly in 
point of conductiMiy , but to make such experiments in a satisfactory 
manner, it would be necessary to have a thorough chemujil investi¬ 
gation, both svnthetual and nimljtioHl, of the metals used, such a 
thorough investigation I have not hi en able to carry out, in conse¬ 
quence of the large expense which it would entail 1 may mention 
that Mr Mattbicssen has gone through a senes of experiments on 
alloys, of which the chemical composition has been ascertained with 
all possible accuracy, and has, 1 believe, arrived at highly important 
results relative to electrical conductivity I have been in communi¬ 
cation with him, and have supplied him with a specimen of one of 
my standards He mentions to me that he has obtained specimens 
(onducttiig better to a considerable extent than the 100 of my first 
scale In that respect he has confirmed what I have mvself ascer¬ 
tained, having myself found specimens as high as 111 on that scale. 
A number of alloys of definite chemical composition, prepared with 
great care by Mr Culvert ot Manchester, and already tested by him 
for thermal conductivity and for mechanical properties, have been 
])ut into my hands, in order that I may measure their electric con¬ 
ductivities. I hope soon to be able to obtain and publish results for 
this senes of alloys. 

Ill a new Method of Substitution, and on the formation 
of lodobenzoic, lodotoluylic, and lodanisic Acids/’ By 
P Oriess, Esq Communicated by Dr Hofmann. Re¬ 
ceived January 3, 1860, 

In a previous notiee* 1 have pointed out the existence of a new class 
* ProeaediugB of tlie Ko}4l Society, vol. lx p 594. 
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of mtrogenouB aoids which are generated by the action of nitrous 
amd on the amidic acids of the bensoic group, the change oonsistmg 
in the substitution of one equivalent of nitrogen for three equivalents 
of hydrogen in two molecules of the amidic acid 

H,, N, 0^ +y 0,=3H04- C.H N, O, 

Two eqB bfosamic New acid* 

acid 

Under the influence of vanous agents these new acids undergo 
remarkable changes, amongst which the transformation produced by 
the mineral acids deserves to be particularly noticed If the acid 

Oy be gently heated with strong hydrochloric acid, nitrogen 
gas 18 evolved, th^ yellow colour of the original acid disappears, and a 
red body separates, which may be separated by filtration and purified 
by treatment with animal charcoal. Both the physical properties 
and the analysis of the sulistance thus obtained, prove it to be pure 
ehlorohenaotc acid The hydrochlonc mothcr-hquor on evaporation 
deposits crystals of the hydrochlorate of bmzamic acid 

N, 0,+2HCl«Ci, (H, Cl) 0,+C,* (U, U, N) HCl + N. 

To render mtelhgible this transformation, tlie aetd H,, N, O, 
may be viewed as a double acid corresponding to two molecules of 
water, 

Cu(H,N^)0, -) 

Cu (B, H, N) O. (H. N'.) 0,+C„ (H. H, N) O.. 

and sphtting under the influence of hydrochlonc acid into the two 
groups C,^(H^N'a)0* and C, 4 (HjHbN) 0 ^ in the first of wliich 
the two equivalents of monatomic nitrogen are replaced by hydro- 
ohlonc acid, producing Cl)©^, while the second simply com¬ 

bines with hydrochlonc acid, producing hydrochlorate of bensamic 
acid. It deserves to be mentioned that the acid N, 0^ may 

be derived also firom two equivalents of hydrated oxide of ammo- 
mum, when its formula assumes the following shape 

[(CuH 40 A"N'«nNJ"jQ^ 

Further expenments are necessary to decide which of these two 
formulss deserves the preference. 



311 


lodobmumt Aetd, Ci 4 (HfI )04 

This substance is produced bj a process similar to that which 
furnishes the chlorobenzoic acid, viz. by the action of hydnodic 
acid on the acid H,, Nj —beautiful white plates resembling 
benzoic acid, easily soluble in alcohol and in ether and difficultly 
soluble in water Jodobenzoic acid is remarkable for its great 
stability , even fuming nitnc acid fails to expel the iodine, and 
transforms the substance simply into nitro-iodobenzoic amd The 
silver salt of lodobenzoic acid is a white amorphous precipitate con¬ 
taining Ci^(H,IAg) 0 , 

lodotolute Aetd, (H, 1)04 

This acid is formed from the analogous nitrogenous acid in the 
toluic senes, according to the equation 

C„ N, 0, + 2 H I=:C,, (H,I) O 4 +C,, (H, H. N) O*, HI -hN, 

It crystalhzes m white plates of a pearly lustre, which m their che¬ 
mical and physical properties are very similar to lodobenzoic acid 

lodamate Aetd, (H^ I) 0^ 

is obtained by the action of hydnodic acid upon the nitrogenous 
acid C„H„N, 0 i 8 , 

N, 0 , 4 +Ha (H, I) (H, H,N) 0„, HI +N, 

Exceedingly small, nearly white needles, almost insoluble in boiling 
water, very soluble m alcohol and in ether. 

The new method of substitution, by which the desenbed products 
were obtained, although less direct than the ordmary processes, 
promises nevertheless to adapt itself to several cases of special interest 
I am at present engaged in purstung these expenments, with the view 
of prodncing fluo- and i^ano-benzoic amds and their homologues^ 
which have never been obtidned* 

The experiments which 1 have described were performed m Pro¬ 
fessor Hofmann’s laboratory. 
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February 16, 1860 

Sir BENJAMIN C BllOBlE, Bart., President, in the Chair 
The followinj? oornmnincations were read — 

I “ Description of an Instnitnent combining in one a Maxi¬ 
mum and Minimum Meicunal Thermometer, invented by 
Mr. Jamgs Hicks By Baii ouk Stew art, Esq. Cinn- 
municated by J P Gassiot, Esq Received Feb 7,1860 

About a fortnight since, Mr* James Hicks, the intelligent foreman 
of Mr. L P Casella, Optician, called at Kew Observatory with an 
instrument of the above description, for the jiurpose of having it 
compared with the ordinary maximum and minimum thermometers. 
This comparison proving very satisfactory, and the pnnciple of the 
instrumont commending itself to Dr Robinson, Mr Gosaiot, Pro¬ 
fessor Walker, and several other scientific men who examined it, 
Mr Gaasiot requested me to wnte a short description of it, which 
he thought might be of interest to the Royal Society For many 
particulars of this dcscrqition, 1 am indebted to Mr Casella and 
Mr Hicks, who furnished me with details regardmg the coustruebon 
of the instrument 

Its chief advantage consists in its furmshmg us with a mcrcarial 
iDiiiunum thermometer, no serviceable instrument of this desenptMm 
having hitherto been made At the same time it is also capable of 
being used os a mercurial maximum thermometer 

The pnneifde ot the instrument is briefly as follows«— 

It has a eybndrical bulb nearly 3| inches long and half an mdi in 
diameter, filled with naereury * This gtvss a bore nearly of an inch 

wide, and a scale on whi^ Fahr corresponds to about ^th ef 
an inch. When the graduation has reached IfiO*’ Fahr or so, both 
the tube and tlie scale are made to assume a position at right angles 
to that which they occupied previously, so tlmt the first portion of 
the thermometer being vertical, the second will be honzontal The 
numbers on the honzontal scale are not, bowever, in coutiimation of 
those on the vertical; for in the mstniment from which this account 
IB taken, while 150° » the highest division on the vertical scale, the 
first on the horuontal is —10°, the next 0°, the 3rd 10°, and so on. 
The reason of this method ot graduation mil immediately appear. 
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Above the mercury there la a atnall quantity of spirits of wine, 
which extends some distance into the horizontal tube. The quantity 
of tins, and the graduation, correspond in sucli a manner, that the 
extreme end of the spmt column denotes the same degree of tem¬ 
perature as the mercury The remainder of the honzoutnl tube is 
filled with air There are two moveable indices in the spirit column, 
one in the vertical tube, the other in the honrontal, each about half 
an inch long, 'fhe former, B, consists of a hne steel magnet enclosed 
in glass. This forms the body of the index At either extremity there 
IS a head of block glass, similar to that which occurs in the index 
of an ordinary minimum thermometer A fine hair is tied round 
the neck of this index, between the body and the upper head , and 
It 18 made to hang down by the side, so that by its clastic pressure 
against the tube, the indtx may be kept in its place, notwithstand¬ 
ing Its verticality The index in the horizontal tube A, is in all 
respects similar to that of an ordinarv minimum thermometer 
Let us now supfiose the instrument fixed in its jiositiou, the first 
part of the stem being vertical 
In order to adjust it, wc must 
first bring the vertical index 
into contact with the upper ex¬ 
tremity of the mercunal column 
To do this, let us take two small 
but strong liorseshoe magnets, 
and lay the one above the other, 

BO that the poles of the one shall 
overlap to a small extent the cor- 
respoitding poles of the other 
firing the magnets up to the 
index in such a manner, that, 
while the poles of the one bear 
•gainst the side of the glass 
tube, theovcrlafiping poles shall 
be over the tube so as to be m front of the index * the index will 
now follow the motion of the magnets, and it maj thus he brought 
down to the surfhoe of the mercury In order to bring the Immontai 
index to the oxtretmty of the spmt column, all that u necessary m to 
mdiite the horizontal tube a little downwards by pressingon the end 
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The indices being now set and the instrament in adjustment, let 
us suppose the temperature to rise, the mercunal column will push 
the Tertical index up, but this index will remain m its place when 
the mercury again falls, and will therefore denote the maximum 
temperature reached On the other hand, let us suppose the tem¬ 
perature to fall. The mercury in falling is followed by the spint 
eolumn propelled by the air behind it The spirit column, again, will, 
on Its edge coming in contact with the end of the honsontal index, 
draw the mdex with it into a jiosition, wliere it will remam when 
the mercury again rises. This index will therefore register the 
extreme minimum point which the spirit column has reached; but 
by the principle of graduation, this will correspond with the mini¬ 
mum point reached by the mercunal column. 

Let us now suppose that a small portion of the spint column has 
become separated, and lodged itself in the extremity of the tube. 
The principle of graduation will immediately enable us to discover 
thi^ by a want of correspondence bemg produced m the readings 
of the mercunal and of the spint column If, for instance, before 
the separation, the mercury read 50% and the honsontal extremity 
of the spint column also 50% it is clear that, after the abstraction 
of spirits has taken place, the horixontal column will read lower. 

We have thus a check upon this possible source of error, which 
we have not in the ordinaiy mimmum thermometer. Indeed, it is to 
all intents a mercunal minimum thermometer that we are now de- 
scribmg, the spmts serving merely as a vehicle for the indices It 
will be remarked, tha^were both columns capable of acting m a hon- 
xontal position, there would be no necessity for the bmd, and the 
instrament would be more portable, hut in this position it is found 
that there is danger of the spmts becoming mixed with the mercury, 
and thus interfering with the action of the instrument. Should this 
ever be brought about by travellmg, or any other cause, a smart jerk 
0 t two of the instrument will join the separated columns and pot all 
n^t. 

The instrument is thus constructed .—The vertical tube, induduy 
the bulb, IS fint made and filled with mercury to the proper height, 
and the magnetic mdex is introduced, then the honsontal tube is 
joined, and ^ ^nrita of wine and ihe nonsontal index are introduoed. 
The bolb » Uien placed in a freeang mixture, m order tb«t the 
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inerciiiy may retreat aa far aa posBible^ followed by the spinta 
of wine The tube is then scaled, care being taken that the bore 
shall end m a small rounded chamber, for if pointed, some of the 
spirits would be apt to lodge there, whence it would be difHcult to 
remove it The object of cooling the bulb before sealing off, is that 
wc may liave as much air in the tube as possible , for its pressure, as 
already meutioned, enables the spirits to follow the mercury when 
the latter falls 

To graduate the instrument, set it with the mercurial stem hon 
zoutal in melting ice, then point off the extremity of the mercurial, 
and also of the spmt column as corresponding to 32^^ Fahr Perform 
a similar operation in water at 412*^, 52®, 62®, &c ,aiid also m freezing 
nuxtures down to zero, or lower if necessary 

In conclusion, if used as a wet-bulb thermometer, this instrument 
will give us the maximum and minimum temperatures of evaporation 
obtained under precisely the same circumstances 

U On the Expansion of Metals and Alloys By F Cuack- 
Cal\ kkt, Esq, F R S, and G, Ci iff LtmB, Esq Com¬ 
municated by Mr. Cal\ eht. Received December 1, 1869. 

[Abstract ] 

One of US having bc^ti engaged for some time in investigatmg 
several of the properties of pure metals, it was thought desirable to 
take advantage of having pure metals at our disposal, together with 
a senes of definite alloys of those metals, to determine their rate of 
expansion And we were encouraged iu pursuing this course of 
investigation, by finding that several of the authors who had pre¬ 
viously published tables of the expansion of metals differed widely 
in their results. These discrepancies, having reference to some of 
the metals most extensively used, might, we thought, bo due either 
to the method employed, or to the fact that metals of different de¬ 
grees of purity had been experimented upon Therefore, bemg sure 
of the purity of the metals that we mtended to employ, we had 
recourse to a method the accuracy of which we trust will appear 
satisfactory 

Owing to the difBculty of obtaining the metals in a pure state m 
large quantities, we found it necessary to employ square bars, having 

VOL X z 
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A length of 60 milhmetrcB by 10 millimetres of diameter AVe 
Uierefore devised a process to determine with accuracy the expansion 
of such short bars. This, we believe, we have effected, as our appa¬ 
ratus w31 easily indicate an expansion amounting to the 50,()00th ot 
an inch, or about the 2000th part of a inillinietre 

Omittuig the descnption of our apparatus and of the details of 
our operations, which would be long for this abstract of our results, 
we give here a Tabic of the general results obtained with the fol¬ 
lowing metals 
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Cadmium 

174 

171 

172 

172 3 

176 

173 

172 

1717 

196 2 

Lead 

155 

156 

157 

156 

161 

160 

159 

160 0 

177 5 

Tin 

142 

142 

145 

143 

147 

148 

147 

147 3 

1616 

Aluminium 

120 

120 

120 

120 

122 5121 

122 

1218 

131 1 

Forged aiiic 

119 

121 

120 

120 

120 

119 

120 

119 7 

120 8 

Sitm •• 

110 

109 

109 5 

109 51115 

no 

110 

1105 

117 5 1 

1 Copper (pure) cait 106 

105 6 

106 

105 SllOS 

103 5 

107 

104 5 

IIW 1 

Copper (pure) 1 
hammer j 

90 

99 

99 

99 

101 

99 

100 

100 
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1 

Gold 

81 

80 5 

If 

80 7 

815 
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813 

813 : 

Biunuth 

78 

77 

77 5 

77 5 81 5 

80 

80 

805 

78 8 ! 

Wrought iron 

69 

72 

73 

713 

736 

72 

72 5 

72 7 

70 0 1 

Caatiton 

67 

685 

685 

68*0 

68 

70 5 

70 V 

69 7 

66 1 

Stod (nofi) * 

66 a 

62-0 

63 

63 8 

66*6 

66 

66 5 

66 

611 

kniimmy 

63 

02 


626 

63 

62 

s 

625 

68 1 

Platinum 

57 5 
0 

f 


57 5 

58 


• 

68 0 

62 2 1 


From the above observations we deduce the following Table of 
coefRcients of linear expansion from OP to 100° — 


Cadmium (pure) 

.. 0*00332 

Lead (pure) 

0 00301 

Tm (pure) 

0*00273 

Aluminium (commercial) 

0 00222 

Zme^ forged (pun) 

0 00220 

Aim (pure) .. 

. 0*00199 

Gk>Id (pure) 

. 0*00138 

Bumuth {pure) 

0 00183 

Wrought iron .» 

0*00119 
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Cast iron 0 00112 

Steel (soft) 0 00103 

Antimouj (pure) 0 00008 

riatinum (commercial) 0 00068 


Ou comparing tbese coefficients with those found by previous ex- 
pennientersi we find that they agree very closely in those cases where 
commercial metals have been employed» But when we come to those 
metals which we employed in a pure state^ such as lead, tin, zinc> 
silver, copper, hismuth, antiniony, cadmium, aud gold, wc find a 
marked difference, which we attribute to our experiments having 
been made with pure metals, and wc are confirmed in this view 
several senes of expenments made with impure or commercial 
metals 

V/o give in our paper several senes of cxperiineuts which prove 
that, as for conductibihty of heat by bodies, their molecular condi¬ 
tion exercises the greatest influence on their expansion For ex 
ample, we have found that the same bar of steel gives, according to 
Its degree of tempenng, the following ratios of expansion — 



Uabing temperature from 
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Cooling temporaCiirefrom 
eo* to 10® 

Mean mdeulnted 
end corrected 
for e bar do mm 
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ml 
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ut 
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steel bar as pur-1 
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in 

112 

1115 

1U5 

113 

113 

115 

113 7 

64 6 

Steel bar at 
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107 

lOS 
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107 

112 

111 

no 

i 

62 5 1 

Same bar at* 
maximum of 
hardnen 

► 

141 

145 

140 

142 

138 

139 

139 

186 7 

84 0 j 


The influence of the molecular state of bodies is also clearly illus¬ 
trated in the class of compounds or carbonates of hmc — 



lUtM of expaniiOB 


ft«m to 100». 

Chalk.. 

19*6 

lithographio atonr 

45*0 

Stalactite 

67*6 

Marble 

71*0 
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Influence of CryeiallieaUon 

Crystallization mflueiiccB the expansion of bodies as it does their 
power to conduct heat, thus, the same zinc cast horizontally or Ter- 
tically has not only a different crystallized structure, but also expands 
in a different ratio 



RiUilnf tempeniture 
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224 220 

187 186 5 

227 

187 

226 

226 

186 8 

232 

190 5 

233 

193 

834 1233 
192 5j 192 

266 9 

216 7 


We have also examined the ratio of expansion in several senes of 
alloys made in multiple and definite proportions, but shall give here 
only one senes as illustrating our results 


Copper and Tin 
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February 23^ 1860 

Sir BENJAMIN C. BROBIE, Bart , PreBident^ in the Chan*. 

The following commuiucatioiis were read — 

1. ^'Measurement of the Electrostatic Force produced by a 
DaniclPs Battery By Professor William Thomson, 
FJl.S. Received Januaty 21, 1860. 

In a pnper ** On Transient Eletinc Currents/* published in the 
Philosophical Magnxine for June 18«i3, I described a method for 
measuring differences of electric potential m absolute electrostatic 
units, which seemed to me the best adapted fur obtaining accurate 
results. The **absolute electrometer’* which I exlubited to the BnUsh 
Association on the occasion of its meeting at Glasgow in 1855, was 
constructed for the purpose of putting this method into practice, 
and, as I then explained, was adapted to reduce the indications of 
an electroscopic or of a torsion electrometer to absolute measure 

The want of sufficiently constant and accurate instruments of the 
latter class has long delayed my carrying out of the plans then set 
forth. Efforts whicli 1 have made to produce electrometers to 
fulfil certain conditions of sensibility, convemence, and constancy, 
tor vanous objects, espcciaUy the electrostalic measurement of gal* 
Tonio forces, and of the differences of potential required to produce 
sparks in air, under definite conditions, and the observation of natuml 
atmoiqibenc electnciiy, have enabled mo now to make a begmiungof 
absolute determinations, which I hope to be able to carry out soon m 
a much more accurate manner. In the meantime 1 shall give a sbght 
description of the chief mstramentsand processes followed, and state 
the approximate results already obtaiued, as these may be made the 

* I have used the expreuion ** (dectroieopio electrometer,*’ to designate an 
Meotcomeier of which the Indications are merely read off in each instance by n 
uaide observation, wltbont the neoeisity of applying any experimental process of 
weighing, or uf balancing by torsion, or of otherwise modifying the eondUiona 
sohibliett 

3a 
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foundation of vanous important estimates in several departments 
of electrical science 

The absolute electrometer alluded to above, consists of a plain 
metallic disc, insulated in a bonsontal position, with a somewhat 
amidler plane metallic disc hung centrally over it, from one end of the 
beam of a balance A rnctal case protects the suspended disc from 
currents of air, and from irregular electric influences, allowing a light 
vertical rod, rigidly connected with the disc at its lower end, and sus¬ 
pended from the balance above, to move up and down freely, through 
an aperture just wide enough not to touch it In the side of the 
case there is another aperture, through which projects an electrode 
ngidly connected with the lower insulated disc. The upper disc is 
kept m metallic communication with the case 
^ In using this instrument to reduce the indications of an electro- 
seopic or tPXSion electrometer to absolute electrostatic measure, the 
insulated pert of the electrometer is kept m metallic communication 
with the insulated disc, whde the cases enclosing the two instruments 
are also kept in metalhc communication with one another A charge, 
either positive or negative, is communicated to the insulated port of 
the double apparatus. The indication of the tested electrometer is 
read off, aud at the same time the force required to keep the move- 
able disc at a stated distance from the fixed disc below it, is weighed 
by the balance This part of the operation is, as I anticipated, 
somewhat troublesome, m consequence of the instability of the cqui- 
bbnam, but with a little care it may be managed with considerable 
accuracy. The plan which I have hitherto followed, has been to 
limit the play of the arm of the balance to a very small arc, by 
means of firm stops suitably planed, thus allowing a range of motion 
to the upper disc through but a small part of its whole distance from 
the lower. A certain weight is put into the oppowite scale of the 
balance, and the indications of the second electrometer are observed 
whoi the electric force is just sufficient to draw down the upper disc 
from resting m its upper position, aud again when insufficient, to keep 
It down with the beam pressed on its lower stop. This operation is 
repeated at different distances, and thus no considerable error de¬ 
pending on a want of parallelism between the discs could remain 
undetected. It may be remarked that the upper disc » carefully ba- 
lIUBced by means of small weights attached to it, so as tomdee it hang 
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as nearly as possible parallel to the lower disc The stem carrying it 
IS graduated to hundredths of an inch, and by watching it through a 
telescope at a short distance, it is easy to observe of an inch 

of Its vertical motion 

1 have recently ajiphcd this method to reduce to absolute electro¬ 
static measure the indications of an electrometer forming part of a 
portable apparatus for the observation of atmospheric electricity 
III this instrument a very light bar of aluminium attached at right 
angles to the middle of a fine platinum wire, which is firmly stretched 
between the inside coatings of two Leyden phials, one occupying an 
inverted position above the other, experiences and indicates the 
electneal force which is the subject of measurement, and which 
consists of repulsions in contrary dinctions on its two ends, pro¬ 
duced two short bars of tneUl fixed on the two sides of th» 
top of a metal tube, supported by the inside coating of the lower 
phial 

The amount of the electrical force (or rather as it should be called 
in correct mechanical language, couple) is measured by the angle 
through which the upper Leyden phial must be turned round an 
axis coincident with the line of the wire, so as to bring the index to 
a marked position An independently insulated metal case, bearing 
an electrode projecting outwards, to which the body to be tested is 
applied, surrounds the index and repelling bars, but leaves free 
apertures above and below, for the wire to pass through it without 
touching it, and by other apertures in its sides and top, it allows the 
motions of the index to be observed, and the Leyden phials to be 
charged or discharged at pleasure, by means of an electrode applied 
to one of the fixed bars described above When by means of such 
an electrode the inside coatings of the Lejden phials are kept con¬ 
nected with the earth, this electrometer becomes a plain repulsion 
electrometer, on the same pnuciple as Peltier’s, with the excejition 
that the index, supported by a platinum wire instead of on a pivot; 
is directed by elasticity of torsion instead of by magnetism, and the 
electrical effect to be measured is produced by applying the electrified 
body to a conductor connected with a fixed metal case round the 
index and repelling bars, instead of with these conductors tliem- 
Oelves 

This electrometer, being of suitable scusibilitj for direct comparison 

2 a2 
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mth the absolute dectromcter according to the proem described 
aboTe, 18 not sufficiently sensitiTe to measure directly the electro¬ 
static effect of any galvanic battery of fewer than two hundred cells 
with much accuracy Not having at the time arrangements for 
working with a multiple battery of reliable tharacter, 1 used a second 
torsion electrometer of a higher degree of sensibility as a medium 
for companson^ and determined the value of its indications by direct 
reference to a DanielFs battery of from six to twelve elements in 
good working order. This electrometer^ in which a light aluminium 
indeXf suspended by means of a fine glass fibre, kejit constantly elec¬ 
trified by means of a light platinum wire hanging down from it and 
dipping into some sulphuric acid in the bottom of a charged Leyden 
jar, exhibits the effects of clectnc force due to a difference of poten¬ 
tials between two halves of a metallic ring sejiarately insulated in its 
ue^hbourhood, will be sufficiently described in another communi¬ 
cation to the Boyal Society Slight descriptions of trial instruments 
of this kind have already been published lu the Transactions of the 
Poutiiical Academy of Rome*, and in the second edition of NichoUs 
Cyclopsodia (article Electncity, Atmosphenc), 1860 

I hope soon to have another electrometer on the same general pnn- 
ciple, but modified from those hitherto made, so as to be more 
oonvenient for accurate measurement in terms of constant units 
In the meantime I find, that, by exercising sufficient care, I can 
obtain good measurements by means of the divided nng electro¬ 
meter of the form described m NichoFs Cydopsedia. 

In the ordinary use of the portable electrometer, a considerable 
charge is communlbated to the connected inside coatings of the 
Leyden phials, and the alummium index is brought to an accurately 
marked position by torsion, while the insulated case surround¬ 
ing It 18 kept connected with the earth. Th» f^re root of the 
reading of the torsion-head thus obtained measures (he potentia], to 
which the inside coatmgs of the phials have been electnfied. I( 
now, the metal case referred to is disconnected from the earth and 
put m ootmexion with a conductor whose potential is to be tepted, 
the square root of the altered reading of the torsion-head required 
to bring the index to its marked position m the new circumstances 
measures similarly the difference between this last potential and that 
* AoesdemU Pentiflda del Naovl liynoei, February 1857. 
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of the inside *coatiugs of the phials Hence the excess of the latter 
squaa* root above the former expresses in degree and m quality 
(j)ositive or negative) the required potential This plan has not 
only tlie merit of indicating the quality of the clectncity to be tested, 
which IB of great importance in atmospheric observation, but it also 
affords a much higher degree of sensibility than the instrument has 
when used as a plam repulsion electrometer, and, on account 
of this last-mentioned advantage, it was adopted in the comparisons 
with the divided ring ilectrometer On the other hand, the portable 
electrometer was used in its least sensitive state, that is to say, with 
its Leyden phials connected with the earth, wlien the comparisons 
with the absolute electrometer were made* 

The general result of the weighings hitherto made, is that when 
the discs of the absolute electrometer were at a distance of twenty 
huudredtlis of an inch, the number of degrees of torsion in the port¬ 
able electrometer was 3*229 times the number of grams* weight 
required to balance the attractive force, and the number of degrees 
of torsion was 7 69 times the number of grams* weight found m 
other series of experiments m which the distance between the discs 
was thirty hundredths. According to the law of inverse squares of 
the distances to which the attraction between two parallel discs is 
subject when a constant difference of potentials is maintained between 
them*, the force at a distance of ^ of an mch would have been 
according to the first of the preceding results, or, according to 
the second, number of degrees of torsion. The mean of 

these is or 1*2, and we may consider this number as represent¬ 
ing approximately the value in grains* weight at of an mch 
distance between^ discs of the absolute electrometer, correspond¬ 
ing to one degree of the portable electrometer. By com¬ 

paring the indldilmis of the portable electrometer with those of 
the divided ring deotrometer, and by evaluating those of the latter 
in terms of the electromotive force of a Daniell’s hattety choiged 
in the usual manner, 1 find that 284 times the square root of the 
number of decrees of torsion in the portable electrometer is approxi- 
xnatdy the nnmbw of cells of a Danieirs battery which would pro¬ 
duce an electromotive foroe (or, which is the some thing, a diflbrence 

* Sec 4 11 of elemeatf of mathemsficsl theory of rieetiidty to the 

coounudestioa Mowing this in the * Proceedings.' 
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of potentials) equal to that indicated Hence the attraction between 
the discs of the jiortable electrometer^ if at of aii inch distance, and 
maintained at a difference of potentials amounting to that produced by 
281 cells, IS 1 2 gram The effect of 1000 cells would therefore be 
to gire a force of 14 9 grams, since the force of attraction is propor¬ 
tional to the square of the difference of potentials between the discs. 
The diameter of the opposed circular areas between which tbo attrac¬ 
tion observed took ]dace, was 5 80 iiichcs Its area was therefore * 187 
of a square foot, and therefore the amount of atiraction per square 
foot, according to the preceding estimate for of an inch distance 
and 1000 cells’ difference of potential, is 79 «*> grams To reduce 
the statement to consistent units founded on a foot as the unit of 
length, we may suppose, instead of of an inch, the distance 
between the discs (o be of a foot We conclude that, with 
an clectromotn e force or difference of potentials produced by 1000 
cells of Damcirs battery, we find for the force of attraction 55 3 
grams per square foot between discs separated to a distance of 
of a foot 

This result differs very much from an estimate 1 have made ac¬ 
cording to my theoretical estimate of 2,500,000 British electro¬ 
magnetic uuUs for the electromotive force of a single element of 
Darnell’s and Weber’s conipanson of electrostatic with electro-mag¬ 
netic units. On the other hand, it agrees to a remarkable degree of 
accuracy with direct observations made for me, during my absence 
m Germany, by Mr. Macfarlane, m the months of June and July 
1856, ou the force of atiractiou produced by the direct application 
of a miniature Damcirs battery, of different numbers from 93 to 451 
of elemeuts, applied to the same absolute 4psfcroiii«ter with its discs 
at 079 of au inch asunder These ohgwat^i8fl|jpB» forces varying, 
on the whole, very closely according ^ number of 

colls used, and the mean result reduced tmeording to this law to 
1000 cells was 23 4 grains Beduemg this to the distance 
of a foot, and dividing by *187, the i^win decimal of a square foot, 
wc find 54 3 grams per square foot at a distance of of a foot. 

Although the experiments leading to this result were executed with 
great care by Mr. Maofarlatte, 1 dehved publishing U because of the 
great discrepance it presented from the estimate 1 deduced from 
Weber's measuremeut, which was published while my prquuiutions 
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were in progreas. 1 cannot doubt its general correctnesa now» when 
U la BO decidedly confirmed by the electrometric experiments 1 hare 
just described, which have been executed chiefly by Mr John Smith 
iind Mr John Ferguson, working in my laboratory with much ability 
since the month of November. 1 am still unable to explain the 
discrepance, but it may possibly be owing to some miscalculation 1 
have made in my deductions from Weber's result* 

Glaagow Collcgs, Jan Ifl, 1860 


PosTscRiin', April 12, 1860 

1 have since found that 1 had inadvertently misinterpreted 
Weber’s statement in the ratio of 2 to 1. I had always, as it 
appears most natural to me to do, regarded the transference of nega-* 
tive electricity in one direction and of positive electricity in the other 
direction, as identical agencies, to which in our ignorance as to the 
real nature of electricity we may apply indiscriminately the one 
expression or the other, or a combination of the two Hence I have 
always regarded a current of unit strength as a current in which the 
positive or vitreous electricity flows in one direction at the rate of a 
unit of electricity per unit of time, or the negative or resinoas 
electricity in the other direction at the same rate; or (according to 
the infinitely improbable hypothesis of two electric fluids) the 
vitreous electncity flows in one direction at any rate less than a unit 
per second, and the resinous m the opposite direction at a rate equal 
to the remomder of the unit per second 1 have only recently 
remarked that Weber’s expressions are not only adapted to the 
hypothesis of two fluids, but that tbey also reckon as a cur¬ 

rent of unit Btrengf|ik sAeatf should have called a current of strength 2, 
namely a flow o^viti«CNBP||aleotnmt^ in one direcUon at the rate of a 
umt of vitreous per unit of time, and of the resinous 

electridty in the other direction simultaneously, at the rate of a umt 
of rennooB electricity per unit of time. 

Weber's result os to the relsition between electrostatic and electro- 
mugnedc umts, when correctly interpreted, I now find would be in 
perfect accordance with my own results given above, if the electro- 
meflive force of « ringle element of the Darnell's battery used were 
2,140,000 British deetro^magoetic umts instead of 2,500,000, as 
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According to tny tbernio-clynaiijac estmjnto 1 h» ib as good an agree* 
Tncnt as could be expected when the difltculties of the iiiTcsUgationSi 
and the uncertainty wbuh still exists as to the true measure of the 
electromoti\e force of the Daiueirs element are considered It must 
indeed be remarked that the electromotive force of Damcirs battery 
vanes by two or three or more per cent with venations of the solu¬ 
tions used, that it varies also very sensibly with tempernture , and 
that it seems nKo to he dependent, to some extent^ on circumstances 
not hitherto elucidated. A thorough examination of the electro¬ 
motive force of DanielFs and other iorins ot giiWaiuc battery, is au 
object of high impnrtanee, which it is to be hoped will soon be at¬ 
tained. Until this lins been done, at least for Danieirs battery, the 
results of the precechtig paper may be regarded as having about as 
much accuracy as is desirable* 

i may state therefore, m conclusioii, that the average electromotive 
force per cell of the Danieirs battenes which 1 have used, produces a 
difference of potentials* amountmg to 0021 in British electrostatic 
measure This statement is perfectly equivalent to the iollowing in 
more familiar terms — 

One thousand cells of Damell's battery, with Us two poles connected 
by wires vnth two parallel plates of metal -yhifth. of a foot apart and 
each a square foot m area, produces an electrical attraction equal to 
tlie weight of 55 grains. 


II. ''Meaaorcroentpf the Electromotive Force required to pro¬ 
duce a Spark in Air between parallel metal plates at dif¬ 
ferent distances.'^ By Professor W. Thomson^ F.RS. 
Received January 26, 1860 

The electrometers used in this inveit%ati^ were the absolute 
electrometer and the portable electrometer described in my last 
communication to the Royal Society, and tlie operations were ex¬ 
ecuted by the same gentlemen, Mr. Smith and Mr. Ferguson. Hie 
conductors between which the sparks passed were two aDvanushed 
plates of a condenser, of which one was moved by a mienmieter 
screw, giving a motion of ^ of an inch per turn, and having iti 

^ 8ee II10, U of Appendix to the following oommuniesiloa. 



head divided into 40 ef|ual parts of circumference The readings 
on the screw-bead could be readily taken to tenth parts of a division, 
that IB to say, to of an inch on the distance to be measured. 
The point from winch the spark would ])ass m successive tnals being 
, soinew lint variable and often near the edges oi the discs, a thin flat 
piece of metal, made very slightly convex on its upper surface like an 
e\treine1y flat watch glass, was laid on the lower plate. It was then 
tuund that the spark always passed between the crown of tins con¬ 
vex piece of metal and the flat upper plate The curvature of the 
foimcr WES so small, that the physical arcumstances of its own elec¬ 
trification near its crown, the opposite clectnfication of the opposed 
flat surface iti the parts near the crown of the convex, and the electric 
pressure on or tension m the air between them could not, it was 
Hup]»oscd, differ sensibly from those between two plane conducting 
surfaces at the same distance and maintained at the same difference 
of potentials. 

The reading of the screw-head corresponding to the position of 
the moveable disc, was always determined electncally by making a 
succession of sparks pass, and approaching the moveable disc gra« 
dually by the screw until all appearance of sparks ceased. Contact 
was thus produced without any force of pressure between the two 
bodies capable of sensibly distorting their supports. 

WiUi these arrangements several senes of expenments were made, 
in which the differences of potentials producing sparks across differ¬ 
ent thicknesses of air were measured first by the absolute electro¬ 
meter, and afterwards by the portable torsion electrometer. The 
Mowing Tables exhibit the results hitherto obtained. 
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Tablb L —December 13, 1859. Measurements by absolute electro¬ 
meter of maximum electrostatic forces* across a stratum of air 
of different thicknesses 

Area of each plate of absolute electrometers# 187 of a square foot. 
Distance between plates of absolute electrometerof a foot. 


length of 
spark in 
mohes 
s 

Weight in grains 
required to ba¬ 
lance in absolute 
electrometer 
w 

Kleotromotivo 
force in unite of 
the eleotrcmiotor 
Vv' 

Electrostatio force, 
or eleciromoUre 
force per inch of 
oir, m tern- 
porary unite 

a 

KXVT 

0 

24495 

349-9 

0105 

0 

a 0000 

285 7 

•0115 

10 

.31022 

275-0 

014 

13 


257 5 

•017 

10 


2353 

018 

19 


2422 

•024 

ao 


228 2 

•0205 

40 


2144 

o:i4 

50 

70710 

208 0 

•0585 

60 ! 

77469 

2012 


70 

8J000 

2041 

•0445 

80 

89442 

201-0 

•048 

90 

04808 

1976 

•052 

100 

lOWWO 

1023 

•055 

no 

104800 

1907 

058 

120 

10-0544 

188-9 

•oeo 

130 

11 4017 

100-0 


These numbers demonstrate an unexpected and a yeiy remarkable 
result,—that greater electromotive force )>er umt length of air is 
required to produce a sjlark at short distances than at bng. When 
it 18 considered that the absolute electrification of each of the op¬ 
posed snrfacest depends simply on the electromotive force per umt 
"length of the space between them, or, which is tiie same thing, the 
resnltant electrostatic foree in the air occupying that space, it is 
difficult even to conjecture an explanation. Without attempting to 
explain it, we are forced to recognise the fact that a thin stratum of 
air IS stronger than a thick one against the same disruptive tension 
in the air, according to Faraday's view of its conditkin as tiaas- 
nuttuq; electric fivioe, or against the same lifting electric pressure 
from its bounding surfaces, according to the views of tiie 18th eesh 
* See n beJow. t See f 4 below. 
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tuTj school, es reprcBented by PossBon, The samo conclusion 19 
cstahhahed by a Berica of expennicnts with the prcviously-descnbed 
portable torsion electrometer subBtitutcd for the absolute electro- 
Tiieter, leading to results shown 111 the following Table 


Table 11.—January 17> I860 Measurements by portable torsion 
electrometer ot electromotne forces producing sparks across a 
stratum of air of different thicknesses 


Ijength of Hfvirk 
in inthie 
' » 

( 

1 

TurKion in degrciii 
requmnl to btUunct 
in oltM^^roiuoter 

e 

BlfM*tromoti\e 
furfO 111 units of 
the uloeliroiiioter 

Etectrofltatio forop^ 
or eloctromotivo 
foivo per inch of 
»ir, m tem¬ 
poral^ mute. 

001 

a 

17U 

1732 

iXI’J 

7 

2(i46 

VUS 

003 

11 

3316 

1105 

tiw 

14 

3742 

935 

*<X)5 

(8 

4243 

849 

im 1 

22 

4im 

782 

w 

27 

5 UJ6 

742 

008 1 

30 

5 477 

685 

i 

33 

5744 

c;i8 

010 

38 

fil()4 

616 

•on 

43 

0557 

596 

•012 

485 

o-m 

580 

013 

54 

7 348 

505 


50 

7-081 

549 


m 

8124 

542 


73 

8544 

534 


79 

8888 

523 


85 

0219 

512 


The senes of cxfienments here tabulated stops at the dutauoe 
18 thousandths of an inch, because it was found that the force in the 
electrometer corresponding to longer sparks than that, was too strong 
to be measured with certainty by the portable electrometer, whether 
from the elasticity of the platinum wire, or from the rigidity of its 
connexion with the aluminium index being liable to fiul when more 
than 85^ or 90^ of torsion were applied. So far as it goea^ it agrees 
remarkably well with the otlier expenments exhibited in Table I,, 
as IS shown by the following comparative Table, in which, along 
with results of actual observation extracted from Table II, are 
placed results deduced from Table I. by mterpolation for the same 
lengths of spark. 
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Table IIL Expenmcnts of December 13, 1859, and January 17, 
1860, compared. 


Col 1 

LoiigUi of spark 
m methes 

A 

Col *J 

Elo('lromottvo foru 
per incli of air, 
Deo 13, m teiiqio- 
rorj unite of tluit 
day 

a 

Col 3 

Klootromotivo 
forr© }>tr inch of 
air, Jan 17 in tem¬ 
porary nnite of 
Unit day 

Col 4 

Ratios of numbers 
in Col 3 lo 
munbere iii Col 2 

•007 i 

;U93 

74J 

2J3 

•oia". 

285 7 1 

000 

2 13 

0115 

2750 1 

588 

214 

•014 


540 

2J4 

•017 


523 

222 

-018 


512 

211 

Mean 2 14 


The clofle agreement with one another of the numbers in Col* 4, 
denved from senes differing so much as those m Cola 2 and 3, 
and obtained by means of electrometers diffenng so much m con<* 
atruction, constitutes a very thorough confirmation of the remarkable 
result inferred above from the experiments of the first senes, and 
shows that the law of variation of the electrostatic force in the air 
required to produce sparks of the different lengths, must be repre* 
sented with some degree of accuracy by the numbers shown in the 
last column of either Table I or Table III, 

The followmg additional senes of experiments were made on pre¬ 
cisely the same plan as those of Table II, 
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Table IV.—January 21| 18G0. McasurcmentB by portabla tonioa 
electrometer of electromotive forces producing sparks across a 
stratum of air of different tbickncssea 


lx$ngth of Bpark 
ui inchos 
$ 


EIoctromotiTe 
force in units of 
the electrometer 

Electrostatic force, 
or electromotiTe 

force per inch of 

air, in tem¬ 
porary units 
Ve-A 

*001 

32 

171) 

1700 

002 

04 

232 

IlOU 

ai3 

105 

324 

1080 

•004 

13 2 

3U1 

007 


142 

377 

704 

OOG 

1ft 2 

427 

712 

OfJ7 1 

21 7 

4 00 

0(41 

012 

41 2 

0 42 

533 

01 1 

40 7 

OKI 

525 

014 

fvl2 

720 


Olii 

072 

7W 

5<4 

•010 

012 

7^15 

m 

•017 

(i82 

8 20 

480 

OlH 

782 

884 

401 


Table V.—January 23, I860. Similar experiments repeated* 


s 

e 


VO-* 

•001 

35 

187 

1870 

■ooa 

0 5 

255 

1275 


9 > 

308 

1027 

iXH 

127 

3 TO 

800 

005 

155 

sm 

788 

•«XJ 

18 5 

430 

710 

•007 

2;i-o 

480 

680 

<008 


5*00 

632 



552 

613 


360 

502 

602 


305 

028 

671 


44 0 

003 

563 


500 

7-07 

544 

•014 


735 

625 

•015 


768 

512 

•016 


707 

408 

017 


834 

400 

•018 


8-03 

470 


The diffemice between the numbers shown in these two Tables 


and in Table 11. above, are probably due in part to true differences 
in the rmtanoe of the air to electrical disruption, but variations 
in {he electrometo', which was by no means of perfect construction. 
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may have aenmUy inflnenoed the results, especiany as regards the 
differeitoes between those shown in Table IL and those shown in 
Tables IV and V,, winch agreeing on the whole closely with one 
another fall considerably short of the former 


Table VI• Summary of results reduced to absolute measure 


Col 1 

Length 
of spark 
m inthes 

4t 

Col 2 

Elactrostatio forces ac¬ 
cording to siRiide deter¬ 
minations of J>eo 13, 
1859 

s Ih7 

sX 

Col 3 

Electrostatic 
forces according 
to esliniatod 
average of va- 
nouB uetcnni- 
Tiataons 

X. 

Col 4 

BiiTor- 

cnces 

Col 5 

Fressures of electricity 
from cither motoUic Burfatw 
balan(vxl by air ininiudiatcly 
before diNruption, in graitie 
weight {Mir square foot t 

8irX 122 

•001 


I148t) 


limn) 

002 


ao(X) 


70(I8U 

-m 


(i840 


57810 

■004 


5820 


4iH:i() 

•005 


5090 


aaoin 

•006 


47(10 


27SOO 

•007 

44t(X) 

4530 

+ -ft»T0 

aeoou 

(J08 


4iino 


2tK)0 

■002 


39<X) 


19(»X1 

OlO 


ai^jo 


ia‘«N) 

•0105 

3700 

3770 

-■(lOlO 

]74S(> 

■on 


37i0 


171.W 

0115 

3620 

3ii30 

- (I01l» 

1(>20() 

012 


3550 


UiTiKO 

013 


3480 


14070 

014 

3390 

3390 

•(XKIO 

14200 

015 


3320 


12580 

016 


3260 


13)10 

017 

3000 

3140 

-•0(MO 

I1A(X) 

018 

3190 

3170 

>-0000 

12ri(IO 

•024 

3100 

3000 


iltOU 

0295 

2820 

2820 


0830 

■034 

2740 

2740 


0250 

0385 

2660 

1 2(>50 


8600 

■041 

2690 

1 2690 


8800 

0445 

2650 

1 26.10 


8640 

•048 

2600 

2600 


KUO 

•052 

2630 

2530 


7010 

065 

2510 

2510 


7770 

•058 

2490 

2490 


7630 

000 

2600 

2500 

a 

7720 


^ Butanoo botween discs of absolute idectrometeF foot»^ inch. 

Area of eaoh » 187 square foot. 

Force of gravity at Glasgow on unit mass »32*2 dynatnioal units of fme, 
tiiat IS to say, generates in one second a volodty of 32 2 feet per second. 

11%is is most directly obtained by &idsng tbe force betw^ the dues of the 
absolute electrometer per square foot, and reducing, accordu^ to the inverse 
proportion of squarsa of distances, to what it would have been if the distance 
between them had been equal to tbe length of the spewk 
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Appendix 

In order that the different expressions, potential/’ '* electromotive 
force,” "electrostatic force/’ "pressure of electricity from a me¬ 
tallic surface balanced by air,” used in the preceding statement, may 
be perfectly understood, 1 add the following explanations and defini¬ 
tions belonging to the ordinary elements of the mathematical theory 
of electncity, 

1 Measurement of q\iant%hes of eleetriethj —The unit quantity 
of electncity is such a quantity, that, if collected in a point, it will 
repel an equal quantity collected m a pouit at a unit distance with a 
force equal to unity. 

[In British absolute measurements the umt distance is one foot, 
and the unit force is that force which, acting on a gram of matter 
during a second of time, generates a velocity of one foot per second 
The weight of a grain at Glasgow is 32 2 of these Britisli units of 
force The weight of a gram in any part of the earth’s surface may 
be estimated with about as much acciirac) as it can be without a 
special experiment to determine it for the jmrticular locality, by the 
following expression — 

In latitude X average weight of a gram 

xsBsJi 088 X (1 + 00*1133 X sn/ A) British absolute units ] 

2 Electne density —This term was introduced by Coulomb to 
designate the quantity of electricity per unit of area m any jiart of 
the surface of a conductor He showed how to measure it, though not 
in absolute measure, by his proof plane 

3 ResuHant electne force at any point %n an insulatiny Jtwd — 
The resultant force at any point in air or other insulating finid lu 
the neighbourhood of an electrified body, is the force which a unit of 
electncity concentrated at that point would expenence if it exernsed 
no influence on the electric digtnbutiouB in its neighbourhood. 

4 . Refatwn letmeen elsetnc density on the surface of a eonduetnr^ 
and electne force at pomis %n the atr close to iL —Aocorduig to a 
proposition of Coulomb’s, requinug, however, correction, and first 
oorreotly given by Laplace, the resultant force at any point in the 
air close to the surface of a conductor is perpendicular to the surface 
and equal to 4«p, if p denotes the electne density of the surface lu 
the neighbourhood 

Electric pressure from the surface of a conductor balanced by 
artr.—A thin metallic shell or liquid film, as for lustance a soap-bubble. 
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if electrified^ experienoea a real tnechaaical force in a direction per¬ 
pendicular to tbe surface outwards^ equal in amount per unit of area 
to 2wp\ p denoting! as before* the electric density at the part of the 
surface considered. This force may be called either a repulsion (as 
according to the views of the eighteenth century school) or an attrac- 
tioii effected by tension of air between the surface of the conductor 
and the conducting boundary of the air in which it is insulated* as it 
would probably be considered to be by Faraday, but whatever may 
be the explanation of the modu9 operandt by which it is produced, it 
is a real mechanical force* and may be reckoned as in Col 5 of the 
preceding Table, in grains weight per square inch or per square foot. 
In the case of the soap-bubble* for instnnce, its effect will be to cause 
a slight enlargement of the bubble on elcctrifacation with either 
vitreous or resinous clcctnnty* and a corresponding collapse on being 
perfectly discharged In every case we may regard it as constituting a 
deduction from the amount of air-pressure which the body expenences 
when unelectnfied. The amount of this deduction being different 
in different parts according to the square of the electric density* its 
resultant action on the whole body disturbs its equilibrium* and 
constitutes in fact the resultant electric force expenenced by ,thc 
body. 

6 CoUeeted formula of relatton between electnc denmty on the 
mtrface qf a conduetort electne dmtnuiton of a\r-pi eeeure upon ti, 
and reeuitani force in the atr cloee to the surface* —Let* as before, 
p denote the first of these three elements* let p denote the second 
reckoned in units of force per unit of area* and let B denote the 
third. Then we have ' 

7. Sltetrte poienhal —^The amount of work required to move a 
unit of dectridty against electnc repulsion from any one position to 
any other position* is equal to the excess of the electnc potential of 
the first position above the electne potential of the second position 

Cor* 1. The electnc potential at all points close to the surface of 
an electnfied metallic body has one value* since an electrified point* 
possessing so small a quantity of electricity as not sensibly to m* 
fluence the electrification of the metallic surface* would* if held near 
the surface m any locality* expenetice a force perpendicular to the 
surface in its neighbourhood. 
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Cor* 2* The electnc potential throughout the tntenor of a hollow 
metaUio bodji electrified in any way by external influence, or, if in¬ 
sulated, electnfied either by influence or by commumoation of elec¬ 
tricity to it, 18 constant, since there is no electnc force in the interior 
in each circumstances 

[It IB easily shown by mathematical investigation, that the electnc 
force expenenced by an electnc pomt contammg an mfimtely small 
quantity of electncity, when placed anywhere m the neighbourhood 
of a hollow electnfied metallic shell, gradually diminishes to nothing 
if the electnc point be moved gradually from the extenor through 
a small aperture m the shell into the intcnor Hence the one value 
of the potential close to the surface outside, mentioned m Cor 1, is 
equal to the constant value throughout the intenor mentioned lu 
Cor 2.] 

8 Interprotatton of tneaourement eleetromeier —Every kmd 
of electrometer consists of a cage or case containing a moveable and a 
fixed conductor, of which one at least is msulated and put m metallic 
commumcation, by what I shall call the prmcipal electrode passing 
through an aperture m the case or cage, with the conductor whose 
electricity »to be tested In every properly constructed electrometer, 
the electnc force expenenced by the moveable part m a given position 
cannot be electrically influenced except by changing the difference 
of potentials between the pnnmpal electrode and the unmsulated 
conductor or conducting system in the electrometer. Even the best 
of ordinary electrometers hitherto constructed do not fulfil this con¬ 
dition, as the mner surface of the glass of which the whole or part 
of the endonng ease is generally made,» liable to become electrified, 
and inevitably does become so when any veiy high electrification is 
designedly or aooidentaUy mtroduoed, even for a very short tune, 
the oonsequenoe of which is that the moving body will generally not 
return to its xero position when the prmcipal electrode is perfectly 
disinsnlated. Faraday long ago showed how to obviate this radical 
defect by coating the intenor of the glass case with a fine network 
of tinfoil, and it seems strange that even at the present day eleotro- 
meters for smentific research, as for instance for the investigation 
of atmoqihenc electncity, should be constructed with so bad and 
obvious a defeet unoured by so simple and perfect a remedy When 
it is desired to leaxe the interior of the electrometer as mudi light 

VOL. X. 2 b 
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as possible;, and to allow it to be clearly seen fl’om any external 
position with as little embarrassment as possible, a cage made like a 
bird’s cage, with an extremely fine wire on a metal ftame, inside the 
glass shade used to protect the mstrument from currents of air, &c, 
may be substituted with advantage for the tmfoil network lining of 
the glass It appears therefore that a properly constructed electro¬ 
meter IB an mstrument for measuring, by means of the motionB of a 
moveable conductor, the difference of potentials of two conducting 
systems insulated from one another, of one of which the case or cage 
of the apparatus forms part. It may be remarked m passing, that it 
IS sometimes convenient m special researches to insulate the case or 
cage of the apparatus, and allow it to acquire a potential differing 
from that of the earth, and that then, as always, the subject of 
measurement is the difference of potentials between the principal 
electrode and the case or cage, while m the ordinary use of the 
mstrument the potential of the latter is the same as that of the 
earth Hence we may regard the electrometer merely as an instru¬ 
ment for measunng differences of potential between two conducting 
systems mutually msulated, and the object to be aimed at m per- 
fectmg any kind of electrometer (more or less sensitive as it may be, 
according to the subjects of investigation for which it is to be used), 
18 , that aecarate evatuat%on$ tn abMolute measure, of d^ereneet of 
potmttalf may he immediately derivable from ite indicatume* 

9* Relation between eleetroetatie force and variation ef eleetne 
potential .—§ 7, otherwise stated, is equivalent to this:—^The ave¬ 
rage component electrostatic force m the straight hne iff air between 
two points in the neighbourhood of an electnfied body is equal to 
their difference of potentuds divided by thdr distance. In other 
words, the rate of variation of electno potential per umt of length in 
any dtreodon, is equal to the component of the electrostatic force in 
that directum. Since the average electrostatic force m the line joinmg 
two pomts at which the values of the potential are equal,» noUung, 
the direction of the resultant electrostatic force at any pomt must be 
perpendioular to the equipotential surface passmg through that 
point 1 or the hues of force (which are genertdly curves) cut the 
senes of eqnipotentid surftces at right angles, llie rate of vaiia- 
ton of potential per unit of length along a line of foroe is therefore 
equal to the eleotrostatic frwee at any point. 
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10 Siraium a/atr between two parallel or nearly parallel plane 
or earoed metalhe eurfaeee maintained at differentpotentiah —Let a 
denote the distance between the metallic surfaces on each side of the 
stratum of air at any part, and V the difference of potentials. It is 
easily shown that the resultant electrostatic force is sensibly constant 
through the whole distance, from the one surface to the other, and 
being in a direction sensibly perpendicular to eacli, it must (§9) 

V 

be equal to - Hence (§ 4) the electric density on each of the 
a 

opposed surfaces is e<]ual to This is Green's theory of the 
L^dcn phial 

11 * Absolute Electrometer —As a particular case of No 10, let 
the discs be plane and parallel, and let the distance between them 
be small in comparison with their diameters, or with the distance of 
any part of either from any conductor differing from it in potential 
The electric density will be uniform over the whole of each of the 


V 

opposed surfaces and equal to —being positive on one and nega¬ 
tive on the other, and m all other parts of the surface of each the 
electrification will be comparatively msensible Hence the force of 

V* 

attraction between them per unit of area {§§ 6 and C) Will be — 
if A denote the area of either of the opposed surfaces, the whole 
force of attraction between them is therefore Ajt—- Hence, if the 

oirO* 

observed force be equal to the weight of w grams at Glasgow, we 
have 

Vs 

32 2 X A^ , 


and therefore 



32 2 X 8rr X w 

* A 


Addition, dated Apnl 18, 1860 

Expenments on precisely the same plan as those of Table I. 
December 13, have been repeated by the same two experimenters^ 
with different distances firom 3 to 6 of an mch between the plates 
of the absolute electrometer, and results have been obtained con¬ 
firming the general character of those shown m the preceding Tables 

dB2 
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The abiolttte eralualioiis denied from these later eeneSj must be 
more accurate than those deduced above from the single series of 
December 13, when the distance between the plates m the absolute 
electrometer was only 2 of an inch 1 therefore by permission add 
the following Table of absolute determinations — 


Length of spark 
in inches 

t 

Electrostatic forces according to 
estimated average of dctermina 
tions of February 15, 23,28, and 
29, and March 2 

X ! 

0034 

5793 

005 

5574 

'006 

5688 

•0075 

4862 

•0111 

; 4351 

•0161 

3287 

•0222 

3125 i 

•023 

3029 1 

•0271 

3055 ' 

*0356 

2925 ; 

•0416 

2865 

•0522 

2841 


These results, as well as those shown m the preceding Tables, 
demonstrate a much less n^iid vanation with distance, of the electro¬ 
static force preceding a qiark, at the greater than at the smaller 
distances. It seems most probable that at still greater distances the 
eleotrostatio force will be ibund to be sensibly constant, as it was 
oertauily expected to be at all distances. The hmitmg value to 
which the results shown m the lost Table seem to pomt must be 
something not much less than 2800. This corresponds to a pressure 
of 9600 grains weight per square foot We may therefore conclude 
that the ordinary atmospheric pressure of 14,798,000 grams per 
square foot, is eleotncally relieved by the subtraction of 9600 on two 
very slightly convex mctallio surfaces, at a distance of j^th of an 
mch or more, before the air between them is cracked and a spark 
passes. By taking mto account'the result of my preceding oom- 
munication to the Royal Sometyf we may also conclude that a 
Dailiell’s battery of 6510 elements can produce a spark between two 
slightly convex metallic surfsoes at i^th of an inch asunder in 
ordinaiy atmospheric air. 




HI "On the Lines of the Solar Spectrum” By Sir David 
B aEwsTeBj K D C L., F.R.S., and Dr. J. H. Glad- 
sTONB^ F.E 8 Beccived January 26, 1860 

(Abstract) 

In a paper m the Transactions of the Royal Society of Edinburgh 
for 1833, Sir David Brewster stated that he had examined the lines 
of the solar spectrum, and those produced by the intervention of 
nitrous acid gas, and had delineated them on a scale four limes greater, 
and in some parts twelve times greater than that employed in the 
beautiful map of Fraunhofer None of these drawings, however, were 
published at the time, they were increased by hrequent observations 
continued through succeeding years, and now having been collated, 
arranged, and added to by Dr, Gladstone, they form the diagrams 
accompanying this paper 
The figures consist of— 

Ist A map of the whole spectrum 68 inches long, and exhibiting 
about 1000 hnes and bands. This map mcludes a great prolongation 
of the spectrum at the least refrangible cud, before A, with a senes 
of bands and lines not hitherto desenbed 

2nd, 3rd, 4th, and 5th. Enlarged delineations of the portions of 
the spectrum between A and B, and between £ and F, exhibituig 
additional lines, with stdl more magmfied views of the groups a and 6 
6 th. A map of the two extremities of the solar spectrum as observed 
by Dr. Gladstone about noon-day at midsummer, consequently when 
the sun was at its greatest altitude This shows several bands between 

A and B, and a senes of lines m the lavender rays extending as far 
as M Beequerel's N, and corresponding evident!} with the maps 
pnbliahod by him and by Professor Stokes, with the addition of finer 
lines. Yet this map represents the extreme spaces of the spectrum 
where there is no efibot on the organ of vision, while that of M. 
Becquerel represents the want of chemical action, and that of Pro¬ 
fessor Stokes the absence of fluorescent power. 

7th. A map of the "atmosphenc hues” compiled from the 
independent observations of the two authors. These hnes and bands 
are visible only when the sun is rising or settmg, that is to say, when 
his beams traverse a long stratam of our atmosphere. In some cases 
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th^ are merely the deepeumg of bands seen at any time, m other 
oases they are bauds which appear tor the hrst time when the sun 
18 close to the horizon Professor Fiazzi Smyth has represented some 
of these lines in his delineations of the spectrum as observed from 
the Peak of Tencnffe, whence he had the advantage of seeing the 
sun at an altitude of 1. The most remarkable of the atmo* 
spheric Imes are situated m the orange and yellow spaces, and one 
band just beyond D is discernible in the diffused light of a dull day 
at any hour, though it covers what is about the brightest part of the 
prismatic image obtained from direct sunshine The western sky 
after sunset exhibits these phenomena in a sinking manner, and with 
some variations that do not appear to depend altogether on the 
absence or presence of moisture, although when the sun looms red 
through a fog these hnes also make their appearance They are m 
no respect due to the mere reduction in the quantity of light 

The dispersion and absorption of the more refrangible rays by the 
atmosphere, and by fogs, smoke, and such media as dilute milk and 
water, is a qiute independent phenomenon 

8 th and 9th Enlarged views of A and B, when the light is acted 
upon by a long passage through the atmosphere 

10 th A map of the spectrum, exhibituig on a large scale the dark 
hnes and bonds which were seen by Sir David Brewster when nitrous 
acid gas is mterposed betweeu the pnsm and the source of light. 
Their position is identified by the insertion of the pnncipal hnes of 
the solar spectrum* They differ considerably from a smaller drawing 
of the same by Professor W. A. Miller, who employed a deeper 
stratum of the red gas. 

The light of the moon, which is only that of the sun reflected from 
her surface, exhibits all the prinapal lines from about B to H, and 
no fresh ones, and when the luennary was near the horizon, the more 
prominent atmosphenc hnes iw» detected. The green colour was 
dbaerved to extend a httle beyond F m the spectrum of moonhght, 
and the space between G and H appeared lavender or lavender-grey 
instead of violet 

In respect to the origin of these lines, it is conceivable that the light 
when emitted from the photosphere itself ts deficient m these rays, 
or that they are due to absorptKui by the atmosphere of the sun, or 
by that of the earth. 13io first of these suppositions scarcely admits 
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of a positive proof. If the second be truey it might be expected that 
the light from the edge of the solar disk would exhibit more of these 
absorption bands than that from the centre^ winch must have traversed 
a smaller amount of atmosphere, but such was not found to be the 
case The third supposition is favoured by the fiict that the atmo¬ 
sphere has unquestionably much to do with the manifestation of many 
of these hues, and by the analogy of the bands produced by nitrous 
acid gaS) bromine vapour, and other absorbent media The expert* 
mentum crueta of observmg an artificial light through a long space of 
air was attempted by means of the revolving light on Beachy Head, 
as seen from Worthing at a distance of twenty-seven miles It gave 
a negative result, but on account of the great difficulty of detectmg 
slight breaks in a faint thread of light, no great reliance is to be placed 
on the experiment A similar doubt rests on the authors’ observa¬ 
tions of fixed stars, and on the non-recognition by Fraunhofer of the 
ordinary hnes m the light of Sinus and Castor, while on the other 
hand he did detect D and h m that of other stars The origin of 
these lines is still an open question 

The spectra of artificial flames sometimes exhibit bright hnes 
coincident with the dark spaces of the solar spectrum. Thus the 
yellow band in the flameeuof soda, and several other substances, is 
identical in refhmgibility with D, but the most remarkable case is 
that of charcoal or sulphur burnt m nitre , the spectrum shows three 
very prominent lines, two of which comcide with A and D, while a 
faint red hue appears at B, and a group between it and A 

A map is also given of the bright hnes, prmcipally orange, that 
make their appearance when mtrate of strontia is placed on the 
ignited wick of a spint-lamp. 

IV. '' On some New Volatile Alkaloids given off during Putre* 
faction.^^ By F. Cbacx Calvert, Fh.D., F.B S., &c. Re¬ 
ceived February 28, I860. 

Some eighteen months ago my fnend Mr. J A Rantome, surgeon 
to the Royal Infirmary, Manchester, induced me to make some 
researches with the view of ascertainmg the nature of the products 
given off from putnd wounds, and more especially m the hope of 
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throwiag some light upon the contagion known as hospital gangrene 
1 fitted up flome apparatua to condense the noxious products from 
such wounds, but the quantity obtained was so small, that it was 
necessary for me to acquire a more general knowledge of the various 
substances produced during the putrefaction of ammal matter, before 
1 could determme the nature of the products from sloughing wounds 
I therefore began a senes of expenments, the general results of wluch 
1 now wish to lay before the Society 

Into each of a number of smal! barrels twenty lbs of meat and 
fish were introduced, and to prevent tbe clotting together of the mass, 
it was mixed layer by layer with pumice^tone The top of each 
barrel was perforated in two places, one hole bemg for the purpose 
of admitting air, whilst through the other a tube was passed which 
reached to the bottom of the barrel* This tube was put m con- 
neJiion with two bottles contaimng chlonde of platmum, and these 
m their turn connected with an aspirator* By this arrangement air 
was ma de to circulate through the casks, so as to become charged with 
the products of putrefaction and to convey them to the platinum salt* 
A yellow amoiphous precipitate soon appeared, which was collected, 
washed with water and doohol, and dned This precipitate was found 
to contain C, H, and N, but what is highly remarkable, sulphur and 
phosphorus enter into its composition The presence of C, H, and 
N was ascertained by elementary analysis, for the sulphur and 
phosphorus, a given weight of the platanum salt, 0 547 grm, was 
oxidised with nitric acid, and gave 0 458 grm of sulphate of baryta 
s: 11 per cent, of sulphur, and 0*266 of pyrophosphate of magnesia 
=6 01 per cent ot phosphorus. I also ascertained the presence of 
these two substances by heatmg a certain quantity of the platmum 
salt with strong caustic ley, when a liquid, volatile and inflammable 
alkai(dd was obtained, whilst the sulphur* and phosphorus remained 
combined with the and were easily detected I sutisfled myself 
during these researches, which have lasted more than twelve months, 
that no sulphuretted nor phosphurettod hydrogen was given off, and 

my researobes, as far as they have proceeded, tend to prove that the 

• Some of the «sli was treated with CSf, which did not remove any 

free 8, and the bcantifUl orsnge-yaUow eolonr ot the preeiidtate showed the 
absence of sulphuret of plathium 
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QojuouB Tapours given off during putrefaetaoDf eontain the N, S, and 
Fh of the animal subatanoe, and that these elements are not hbented 
in the simple form of ammonuii and sulphuretted and phosphuretted 
hydrogen. I also remarked during this investigation^ that, as putre¬ 
faction proceeds, different volatile bodies are given off. 

Before conclnduig, 1 may add, that when the platinum salts are 
heated m small test-tubes, they give off vapours, some acid and 
some alkahne, possessing a most obnoxious and sickening odour, 
very like the odours of putrefaction, and that at the same time a 
white crystalline sublimate, which is not chlonde of ammomum, is 
formed. 

As I foresee that these researches will occupy several years, 1 have 
deemed it my duty in the mean time to lay the above facts before 
the Society. 


March 1| 1860 


Sir BENJAMIN G BEODIE, Bart., President, in the Chair 

In accordance with the Statutes, the Secretary read the following 
hat of Candidates for election into the Society — 


Frederick Augustus Abel, Esq. 
Somerville Scott Alison, M D. 
Alexander Armstrong, M D. 
Thomas Banng, Esq. 

Charles Spence Bate, Esq. 

John Frederic Bateman, Esq 
Henry Foster Baxter, Esq 
'Wilbw Bnnton, M.D 
Edward Brown-Sdquard, Esq 
Thomas William Burr, Esq. 
Bmhard Chnstopher Carrington, 
Esq 

Alexander Boss Clarke, Ciqit. 
ItE. 

William White Cooper, Esq 


Joseph Cubitt, Esq 
Henry Duncan Preston Cunning¬ 
ham, Esq, B N, 

Thomas Rowe Edmonds, Esq 
James Fergnsson, Esq. 

Francis Galton, Esq 
Joseph Henry Gilbert, Ph.D. 
Robert Phihps Greg, Esq 
John Braxton Hicks, M.D. 

Sir WiUuun Jardme, Bart 
Thomas Hewitt Key, M.A. 
Waller Angustus Lewis, Esq 
Joseph Lister, Esq. 

Edward Jos^ Lowe, Esq. 
David Macloughlin, M.D. 
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Ritv. Robert Muni M A 
Gavm Milroy, M D. 

Rev. Walter Mitohelt. 

Ferdmuid Mnelleri M D 
Robert William MylnOi Esq 
Wilham Newmarchi Esq 
Andrew Noble, Capt R.A 
Rcundell Palmer, Esq., Q C 
Edmund Alexander Parkes, M.D. 
George Peacock, Esq. 

John Thomas Quekett, Esq 


Rer Thomas Robinson, D D 
Maxwell Simpson, Esq. 

Edward Smith, M D 
Sir James Emerson Tennent 
Henry Ward, Capt R E 
J Forbes Watson, M D 
C Greville Williams, Esq 
Frederick Marow Eardley Wil- 
mot, Lieut.-Col R A 
Matthew Digby Wyatt, Esq 


The following commumcations were read — 


1 On the Electrical Phenomena which accompany Muscular 
Contraction^^ By Professor C, Mattkucci, Commu¬ 
nicated by Dr, SHARrny^ Sec R.S Received January 7, 
1860 

Dr Radcliffe has recently communicated to the Royal Society 
some observations on the nature of the electneal phenomena accom¬ 
panying muscular contraction It is known that M du Bois-Rey- 
mond admits that the muscular current diminishes during contrac¬ 
tion, and that he attributes the phenomena indicated by the galva¬ 
nometer to the momentary predominance of currents due to the 
polarization of the electrodes of platinum over the muscular current 
In my last memoir'on Electro-physiology, which was communicated 
to the Royal Society and appeared m the Philosophical Transactions 
for 1856, I proved that these phenomena take place independently 
of the existence of secondary currents of the electrodes, and 1 hence 
concluded, at least as regards the muscles of firogs, that during con¬ 
traction there is a current, or rather on instantaneous electrical 
discharge, which takes a contrary direction to that^of the relaxed 
ffoetromemeue, and m general to that bf the cunent which is finind 
on applying the extremitm of the galvanometer to the extremities 
of tlm bmbi of a frog. 

In order to avoid tiie influence of secondary polarity, M. do Bcis- 
Reymond, and after him several other German physi(do|^* ba*'^ 
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thoQ^t it expedient to contract and tetaniao the gastrocnemius 
before closing the circuit of the galvanometer, the deviation thus 
obtained u feebler than that which is due to the current of a muscle 
tn Tepo8e« but never in a contrary direction to that due to this 
curredt 

I have already remarked* that this result accords with that 
which IS obtained by the ordinary experiment* m which the muscular 
current is m circulation previously to the contraction of the muscle 
In iact* we know that by continuing to keep the muscle m eoutrac- 
tion* above all when the muscle remains tetanued* the electnc phe* 
tioinenon accompanying contraction (the effect of winch is to pro¬ 
duce 0 deviation of the needle m a contrary direction to that of the 
current of a relaxed muscle) becomes gradually less intense as the 
contractions are more and more feeble. 

The method employed by Br* Radchffe is the same as that which 1 
followed m my latest experiments, that is» he made use of amalgam- 
ixed plates of pure zme as electrodes* immersed in a neutral solution 
of sulphate of zinc* and after having ascertamed that there was no* 
thing to fear from the effects of secondary polanty* he says that he 
finds that the needle deviated by the muscular current descends* 
dunng contraction* towards zero* but on/y svors dowly than it would 
have done liad the circuit been opened 

Br Radchffe next examines another of my experiments* in which* 
instead of placing a ga8trocHem%U9 in the circuit* 1 employ a thigh 
cut transversely at the upper extremity* so that the needle remains 
deviated in a oontrary direction to that of the gastrocnemms In 
this arrangement of the expenment* when contraction is produced* 
the deviation of the needle increases* which is perfectly in accordance 
with the idea that dunng contraction a muscular current is developed 
in a contrary direction to the current of the relaxed gastrocnemius. 
Br. Raddiffe attempts to explain this result by supposiug (if I 
nghtly understand his idea) that dunng controotum the oimtacts 
with the electrodes are deranged so as to facihtate the passage of the 
current of the relaxed musde 

Belief unwiUing to remain in doubt as to the nature of die eleo- 
tnoal phenomena of muscular contraction* 1 have of late repeated 
and vaned my expenments. 

* Nuevo Cimeato* September 185S, p S38 
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As to Dr. Raddiffo’s first remariE^ I shall only observe that m 
the pTUidpal expenment the needle does not merely move slowly 
towards zero during contraction, but is seen, during the first con¬ 
tractions, especially when the frog operated on is titscioub, to move 
rapidly down to zero, to oscillate, to pass to the opposite side, and 
sometimes even to remam fixed, while thus deviated, for a very short 
interval of time This result, which is easily obtamed and can be 
verified without difficulty, is the same, whether the electrodes are 
of platmum, like those employed by M du Bois-R^mond, or of 
sine. 

It is easy to understand that, in order to succeed m these experi¬ 
ments, it IS desirable that the needle should be as little deviated as 
possible before the contractions: this object is best ensured m the 
following way —I prepare the frog by reducing it to two thighs, 
leaving a single lumbar nerve m order to obtain contractions in one 
of the thighs. Instead of saturated solution of sulphate of zinc, 1 
employed a weak solution of this salt, m order to avoid any alteration 
of the Burfoce of the muscles, and finally, in order to maintain exactly 
the same points of contact between the two electrodes and the two 
near points of the middle portion of the thigh, 1 employ two fine 
woollen cords or two thm strips of card-board fixed with sealing-wax 
on a plate of glass and soaked m the same solution The experi¬ 
ment IS made by applying the glass plate with a certain pressure 
on the thigh, so that the two cords on one side touch the thigh, and 
ou the other are placed in contact with the cushions of flannel or 
card-board which are immersed together with the electrodes, accord¬ 
ing to the method followed by M da Bois-Beymond. 

1 think It usefiil to describe m a few words a little apparatus 
which afibrda a good deal of fodhty for making these experiments. 
It ooDBists in a small square block of wood, with a cavity deep 
enough to reomve the electrodes and the cushions It is hardly 
necessary to say that this cavity is coated with a vamirii of seaJing- 
wax anddivided in the middle by a glass plate. Another cavity in 
the same block serves as a recipient fon the two thighs; the sciatic 
nerve extends beyond the block, and rests on two platinum wires 
which communicate with the pile or with the deotromiagnetie ma¬ 
chine. The cornmnnication between the thigh and the electrodes is 
estabbshfd by means of the glam plate in the manner above de- 
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icnbedj that u, I praw this atrip of glaaa riighUy on the middle of 
the thigh on one side, and at the same tune the extremities of the 
two woollen cords come to rest on the cushions The moTemcnts of 
the needle are ohsmed through a telescope (lunette) I have re¬ 
peated this experunent thirty or forty times. Sometimes, and this 
case IB the most frequent, the first deviation produced by the musde in 
repose is directed in the same sense as that of the current of the 
gastrocnemius, sometimes the current is null, or almost null, some¬ 
times, and this cose is the most rare, the deviation is in a contrary 
direction, and this occurs most frequently m operating on the binder 
portion of the thigh 

In all these experiments, the moment that the thigh begins to 
contract, the needle moves in a constant direction, the deviation 
which intervenes is greater or less according to the force of the 
contraction, and indicates constantly a descending discharge or 
current of extremely short duration, which traverses the thigh in the 
direction of the ramification of the nerves, and m a contrary direction 
to the current of the gastrocnemius 

IL ''An Inquiry mto the Muscular Movements resulting from 
the action of a Galvanic Current upon NerveBy 
CaaKtna Bland RADCLirifB, M D, F R.C.P, Physician 
to the Westminster Hospital. Communicated by Dr. 
Shabpby, Sec R.S. Received February 2, 1860 

(Abstract) 

In a lecture dehvered about two years ago*, m which he treats 
among other things of the muscular movements resnltmg from the 
action of a galvanic current upon a motor or mued nerve, Pro¬ 
fessor Claude Bernard says that some of the more important of 
these movements have been overlooked, and he quotes an account 
of some mvestigations by Dr. Boussesu of Vety, which do away with 
eertam very perplexing variations in the order of these movements 

The movements resulting ftom the action of a galvanie cunent upon 
nerve ate usually divided into the three periods of doable, alternate, 
and single eontraetion which are set down in the following TaUe *— 

* LsfOM sor la Phyriolosis st Patbologie du tyiUms nsmux. Totn.e i 
liSfmi 10. Parit, 1858 
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Tabub h^The New tkvtded and l^ed up at tie end 



Direct Current 

Inverse Cnrrent 

Beginning Bnd 

Beginning 

End 

Period of double 
eontraction 

Strong 

eontraction 

Contraction 

Contraction 

Contraction 

Period of alternate i 
eontraction 

Contraction 



Contraction 

Period of ungle 
oontraction 


mUyiniiiiiii 



Apparent iiTegn1anty~-** VolUic alternatives " 


Professor Bernard proposes to place another penod before the 
first of the8e--*a penod corresponding to the normal unexhausted 
and undisturbed state of nerve, and characterised by contraction at 
the beginning of the two currents, direct as well as inverse 
The investigations of Dr Kousseau show how it is that the order 
of these oontrartions is altered by certain changes m the arrange* 
xnent of the nerve acted upon by the current If the nerve acted 
upon he divided and lifted up at %te end^ so as to break the circuit of 
the derived eurrent^i the order of contraction is that which is put 
down in the preceding Table , if the nerve acted upon he raieed tn a 
loop (either without dividing it, or, after dividing it, by dropping down 
the end), so as not to break the circuit of the denved current, the 
order of contraction is that which is represented in the following 
Table i— 

TabiiB II —The Nerve tn a loop 



Direct Cunrent 

Inverse Cunrent. 

Beginning 

End. 

Beginning 

End. 

Period oif double 
oontracUon 

Strong 

oontraction 

Contraction 

Strong 

contraction 

Contriction 

Contraction 

Contraetioa. 

Strong 

contraction 

CotttticClon 

Penod of alternate 
oantraetion 


Contraction 


0 

Penod of single 
oontractloin * 

0 

1 0 

Contraction 

0 


Apparent irreguUritici—** Vottaic alternatives.” 


* Figures 8 & 4 on page S&4 mar serve to Uhistrato all that need be laid 
respecting the derived eurrent In figure 3« the sciatic nerve of a frog’s leg is 





























Now Dr. Rousseau shows that the order of contraction set down 
in the second Table is due to the action of this dmv^ current He 
shows, also, that by excluding the denved current (which he does 
by means of en ingenious triple arrangement of poles called the 
rh^ophore bifurqu^ *’), the order of contraction becomes one and 
the same m the case where the nerve is divided and hfted up at its 
end, and in the case where the nerrc is arranged m a loop, the order 
being that which is set down in the first Table. 

On inquiring into these matters experimentally, the author finds 
reason to believe that Professor Bernard has wandered into some 
degree of error, and that the path of inquiry opened out by Dr, 
Rousseau is not only a nght path, so far as its discoverer has traced 
it out, but that it leads to the explanation of some very curious 
altematmg movements which have not hitherto been described. He 
has been led, also, to form certain conjectures respecting the modue 
eperandt of clcctncity in muscular motion which he trusts may serve 
to simplify this very difficult and complex subject 

1 When nerve is in its normal, unexhausted, undivided state, 
there is, as Professor Bernard points out, contraction at the begin¬ 
ning of both currents, inverse ns well as direct, and at the beginning 
only, %f a feeble current he ueed. This, for example, will be the result ^ 
of the application of the feeble current produced by partially 
moistening the small galvanic forceps of Bernard with saliva. But it 
IB also a &et, that a stronger current—the current for example of a 
Pulvennaoher*8 chain of ordinary length moistened with vinegar— 
will produce contraction at the end as well as at the beginmng of 
both currents (aa in the penod of double contraction), if applied 
to a nerve similarly circumstanced Nay, it is a fact, that the feeble 
ourrmit of the forceps will give contraction at the beginning of both 

•maged M a kep aorou the poles PN of e galvanic appantnit the primiiwe 
emrmU indicated by the black arrow, panes by the shortest route fiom the 
positive pole P to the negative pole N i the 4erhedemreni, indicated by the dotted 
airowa, passes by the longest route between these poles, and as it also proceeds 
from the positive pole P to the negative pole N, it passei in the contrary dtree- 
tion to tl^t of the primltlva current In Cg 4, the sciatic nerve Is divided 
between P and the thigh, as U meant where the nerve is spoken of at derided 
Md ^ed at it$ end , and bemg divided, the only cnirent passmg is the priml- 
Uve current, for the ctmit of the denved coneut being broken, there can be bo 
dettved current In this ease 
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camnta* and at this time only, irfiw the stronger csurreut of the chain 
lias produced contractions at the end as mil as at the beginning 
of both currents, and that m may produce alternately again and 
again the contraction confined to the beginning, and a contrac¬ 
tion occurring at the end as well as at the beginning, of the cur¬ 
rents. by applying alternately the feeble current of the forceps 
and the stronger current of the chain The author finds, also, that 
the feeble current of the forceps will produce contraction at its end 
as well as at its beginning, if the nerve be raised and placed as a 
loop across the points of the forceps. and not only so, hut that the 
same current will produce contraction only at its beginning, if it be 
applied after shpping away the points of the forceps, and so allowing 
the nerve to fall back upon the muscles Hence the single con¬ 
traction at the beguining of a feeble inverse or direct current, and 
not at the end. instead of indicating, as Professor Bernard supposes, 
the normal state of undisturbed and unexhausted irritability in the 
nerve, must only bo looked upon as the result of the action of a 
feeble current under particular circumstances In a word, the fact 
is one which reflects the strength of the current rather than the 
condition of the nerve. 

2 The ounous alternating movements, which do not appear to 
have been described hitherto, and which may be explained by means 
of the key which Dr. Rousseau has put mto our hands, are best 
seen when the current is made to act upon the lumbar nerves of one 
nde. but they are also seen in the case where a loop of sciatic nerve 
b acted upon. 

Take the back, loins, and hind hmbs of a frog with the lumbar 
neirvee pn^eriy exposed, raise the nerves on one side into a loop 
witihout dividing them, place them over the platmum poles of a 
galvanic apparatus (a Pulvermacher*e chain of ordinary length;, and 
pass the current. On doing this, as might be expected, there is m 
the first instance, contraction m the limb to which the nerves acted 
upon belongs but ih%9 eentraetum is eliyht and tranneni when eom- 
pared mih Ms etmiraehon whteh is eei up tn the opptmte hmb, the 
name o/whwk are net acted upon In this opposite limb, indeed, 
the contraction is sure to be both strong and tetamc, A litUe later 
(and it is to the phenomena of this stage that the author wishes to 
direct attentiou). and the results are as follows —^With the Mems 
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primitive current there » contraction m the leg belonging to the same 
side ^hcn the current begins to pass» and contraction in the leg be¬ 
longing to the opposite side when it ceases to pass, with the dirnt 
primitive current this order of contraction in the two legs is 
reversed. 

In bnnging about these cunous alternationsj the action of a 
derived current is obviously concerned , for on excluding this current 
by means of Dr. Rousseau^s rh^phore bifur<|ud, they come to an 
eud| and the movements resulting from the action of the current 
are confined to the leg, the nerves of which are directly acted upon 
It is evident, also, that a derived current is what is wantmg to pro¬ 
duce the contraction in the limb belonging to the opposite side, for 
after breaking the circmt of the derived current by dividing the 
lumbar nerves where they emerge from the spine, and separating the 
divided ends, and after then compleUng the circuit by dropping 
down the end of the divided nerve, or by bridging over the gap by 
a piece of wet string or paper, by a strip of the animal’s skin, by a 
piece of wire, or by any other conductor, it matters not what, the 
contractions occur alternately in the two legs just as they did before 
the nerve was divided Nay, it may be argued from the following 
experiment, that reflex nervous action has nothing to do in producing 
these alternations. Dmdc the lumbar nerves on one side, not where 
tli^ emerge from the spme, but where they pass into the thigh, 
raise the divided end of the nerve, and place it across the poles of 
the galvanic apparatus In this case the circuit of the denved cur¬ 
rent IS broken, and the action of this current is therefore put out of 
the question In this case, the nerve acted upon by the current is 
still m connexion with the spinal cord, and through the oord and the 
nerves proceeding firom this oord, with the limb on the opposite side, 
and hence it might be supposed Uiat the current might irntatc the 
oord, and so provoke contraction in the hmb on the opposite side. 
But the simple fiict is, that the current may be passed mversely or 
directly without produemg contraction anywhere, except now and 
then a few flickers in the muscular fibres in the lumbar region of the 
nde corresponding to that of the nerve operated upon The simple 
fact, indeed, appears to show that reflex nervous action can have 
nothing to do with the contractions m the hmb belonging to the 
opposite Bide, which oontfeecUons are produced by the action of the 
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galvanic current on one set of lumbar nerves, and* certauilv, with 
the key Airnubcd by Dr. Boussenu, reflex nervous action is not 
required to explain the phenomenon. 

The following diagram will give the case in which the lumbar 
nerves on one side are acted upon by tbe tnvfnte pnmtttve current, 
a a being the lumbar nerves, P N the poles of the galvanic appa¬ 
ratus, the black arrow the pnmitne current, the dotted arrows the 
derived current. The results, as seen m oontrai tion m the hmb 
belonging to the same side, or in that belonging to the opposite side, 
are seen in the Table below Uie figure The case is plain 


fig 1 



1 

The Inverse Current 


Beginning 

brut 

On the sanio side 

Contraction 

0 

On the opposite side 

0 

Contraction 


On the side acted upon by the mverse primitive current, the por¬ 
tion of nerve nearest to the muscles supplied by the nerve (the 
muscles of tlie leg) is traversed, not by the mverse primitive cur¬ 
rent, but by a dtree/ derived current, and hence we should expect 
to find in the leg on this side (for at the time of these alternate 
contractions the nerve is in the state tn which the current produces 
contraction alternately at the beginning of the direct current and at 
the end of the inverse current) the efifects of a direct current—con¬ 
traction at the beginmiig of tbe current We should expect to find 
tius; fbr of two currents acting upon the same nerve, it is the one 
nearest to the muscles supplied by tbe^ nerve which acts upon these 
muscles In the limb on the opposite side we should expect, on the 
contrary, the efiects of an inverse current—oontraotion at the end of 
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the cumnt, for the lumbar oerves on this Bide are traversed by an 
inverse derived current; and this, as the Table shows, is actually 
the case 

A similar diagram and tabic will show that the results of passing a 
fiireci prtmtitve current through a portion of the lumbar nerves on 
one Bide are in accordance witli the same law. In this case, as in 
the other, the acting current on both sides is the derived current 
On the side acted upon by the direct primitive current, the acting 
derived current (acting because nearest to the muscles supplied by 
the nerve) is inverse , and therefore the hmb on this side ought to 
contract at the end of the current On the opposite side, the course 
of the derived current is direct, and therefore tlie hmb on that side 
ought to contract when the current begins to pass and so it is 


Fig 2 



1 

The Direct Current. 

Beginning 

End 

On the lame lide | 0 

On the oppoute side 1 Coiitnction 

Contraction 

0 


The results of the action of a galvanic current upon a loop of 
sciatic nerve are, after a time, analogous to those which have just 
been mentioned At first, the contraction attending upon the 
be^ning and ending of both currents affects the whole hmb, after 
a time, the leg and thigh contract alternately, m an order which 
changes with the direction of the current 
Let the following diagram and table represent the case m which a 
loop of sciatic nerve u acted upon by the direct primitive current, 
a being the nerve, F N the poles of the galvanic apparatus, the black 
arrow the primitive current, the dotted arrows the derived eurrent, 
and it will be seen that the portion of nerve between the negative 

2c2 
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pole and the leg is acted upon by an tneeree denved eumnt, and 
that the thigh is traversed by a direct derived current Thus— 


Fig 3 




The Direct Current 

Beginning 

End. 

Thigh 

Leg • • 

Contraction 

0 

0 

Contraction 


Hence there ought to be, as there is m fact, and as the Table 
diGWs, contraction in the thigh when the current begins to pass, and 
in the leg when the current ceases to pass 

A. similar diagram and table will give the case in which a loop of 
sciatic nerve is acted upon by the interse pnmtixee eurrentt and show 
at a glance that the leg ought to contract at the beginning of the 
current, because the current, acting upon the portion of nerve nearest 


Fig 4 




The Inverse Current 


Beginning 

End 

Tbi|^ « • 

0 

0 

Leg . * 

ContrsetiOD 

0 










865 


to the leg, IS direct derived current* The diagram will also teem to 
show that the thigh ought to contract at the end of the current, for 
the thigh IB traversed by inverse derived current In fact, however, 
the thigh does not contract either at the beginning or at the end of 
the current, and this perhaps is not to be wondered at, for the 
author finds that contraction attends upon the beginning of a direct 
current of a given strength for some time after it has ceased to 
attend upon the end of an inverse current of the same strength. 

3 The modus operandt of galvanism upon a motor or mixed nerve 
18 a subject beset with difficulties, but some of these difficulties do 
not appear to be altogether insurmountable* 

(a) In looking at the movements belonging to the first period— 
that of double contraction {vide Table I )—it is not difficult to find 
a reason which will in some degree explain how it is that contraction 
IS confined to the beginning and end of the current It is not diffi¬ 
cult to see that the beginmng and ending of the galvanic current in 
the nerve may involve certain changes in the strength of the nerve- 
cunent, and that these changes may m their turn give nse to 
momentary mduced currents m the nerve and in the neighbourhood, 
for such momentary currents are induced, not only when a current 
begins to pass and when it ceases to pass, but also at the moments 
when it undeigoes any change of strength. It » not difficult to see, 
also, that the muscular fibres to which the nerve u distributed may 
be the seat of some of the secondary currents thus induced, and that 
these fibres may be thrown into contraction by these currents. Nor 
IS it difficult to see^if the contraction be thus connected with the 
induced currents-^that there will be no contraction m the interval 
between the begmning and ending of the mducing galvamc current, 
for if the induepg current exhibits no variation m strength, there is 
no secondary current induced m this interval. 

{h) It iSt perhaps, too much to expect at present a full explana¬ 
tion of the second pmod i^contraetum—of that period, that is, m 
which the contraction alternates at the begimung of the direct and at 
the end of the inverse current, but the author b disposed to think 
that a partial answer may be found m the collation of the three focts 
which follow. 

The first fket is this—that the direction of the nerve-current in the 
seuiUc and lumbv nervea of afrog (except in those last moments of 
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ftll in which the action of the gal?imc current upon the nenre gives 
rue to the ** voltaic alternatives**) is caiwrse. In these kat moments 
the nerve-ourrent m these nerves may be sometimes direct, some¬ 
times mvene, and this change of direction may take place more 
than once, but except m these last moments, the author finds the 
direction of the nerve-current to be invariably inverse 


Pig ^ 



The second fact is furnished by Professor du Bois-Rcymond in an 
experiment in which the two ends of a long portion of nerve are 
placed upon the cushions of two galvanometers, and the middle of 
the nerve is laid across the poles of a galvanic apparatus Looking 
at the needles of the galvanometers before passing the galvanic cur¬ 
rent, they are seen to diverge under the action of the nerve-current, 
and from the direction of the divergence, it is evident tlmt this cur¬ 
rent passes from the end to the side of the nerve. Looking at the 
needles while the galvanic current is passing, one needle is found to 
move still further from zero, the other is found to return towards 
zero. Let A B be the nerve, let the arrows a a! and b W be the 
nerve-currents included between the cushions a a' and b V of two 
galvanometers. and let the arrow P N be the current between the 
poles P N of the galvamc apparatus, and under this arrangement 
the needle of the galvanometer will recode, and show ineroase of cur¬ 



rent (+) at the end B, where the nerve-current and galvamc cunent 
Gohunde in their direction, and at the end A, where the two currents, 
sataral and xrtificia], do not ooinoide in their directiOD, the needle 
of the galvanometer will go bock, an!l show decrease of nerve- 
eorrent (—)* 

The third fact, which has been recently furnished by PiwfiMWor 
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Eckardt, m to be found in an exponment wbudi may be illustrated 
by means of the two following figures In this ezpenmentt the 
nerrc of a properly prejiared frog’s leg is placed, one portion (that 
nearest to the leg) across the poles 11' of an induction coil, another 
portion across the poles P N of a galvamc apparatus Having done 
this, the log IS first thrown into a state of tetanus bypassing a senes 
of induced currents, and then (the tetamaing influence still con¬ 
tinuing in operation) the continuous current of the galvanic apparatus 
IS transmitted from P to N Tins is the experiment The result 
18 that the tetanus ceases when, as m fig 7, the inverse current 


Fig 7 



passes, aud rontinuea when, as m flg 8, the direct current passes, 
Nor IS this result altered by inverting the order in which the con- 


Fig 8 



tinuous aud induced currents are made to act upon the nerve I'hus 
the induced currents produce contraction if applied after the direct 
contmuous current, but not if apphed after the inverse oontmuous 
current Nay, it would even seem as if the direct current is actu» 
ally favourable to contraction, for a solution of salt, which of itself 
18 too weak to produce tetanus when ap]>hed to a nerve, will have 
this effect when a direct current is made to pass through another 
portion of the same nerve In performing this experiment. Professor 
Eckardt proceeds as follows i^First of all he tetamses a frog^s 
hinder hmb by placing a portion of the nerve nearest to it in a strong 
iolutiQii of salt, after this he adds water until the strength of the 
•ahne solution is no longer sufficient to keep up a state of contraction 
m the muscles, then, ail things being os they were, he passes the 
direct current through a portion of nerve which is not immersed in 
the scdution 7^ rmlt w iAai the tetanus mmdtaiely retume. 



858 


« Now, on oompanng this lost fart with the two provious facte, we 
may have, as it seeme to the author, some insight into the mode m 
which the galvanic current acts upon nerve m the period of alternate 
contraction. On the one hand, it is seen that tetanus is prevented or 
arrested by the inverse current, that»to say, tetanus is prevented 
or arrested when (as thtt lirst and second facts show) the galvanic 
current coincides in dirtotsoit with, and imparts power to, the nerve- 
current. On the other hand, it is seen that tetanus is not prevented 
or arrested by the direot c^ent ; that is to say, tetanus is not pre¬ 
vented or arrested when (as the first and second facts still show) the 
galvanic current differs m direction from, and diminishes the power 
of, the nerve-current The one result is in harmony with the other, 
for if contraction is counteracted by imparting power to the nerve- 
current, it 18 to be expected that contraction will be favoured by 
detracting power from the nerve-enrrent, and certainly it is no 
matter of wonder that contraction should be favoured by detract- 
ing power from the nerve-current, for it » an established fact that 
rigor mort%9 is coincident with absolute extinction of the nerve and 
muscular currents, and tliat ordinaiy continction is attended by un- 
mistakeable weakening of these currents. It is also an estabhshed 
fact, that muscular contraction is produced by the dwcharge of ordi¬ 
nary statical electncity, and not by the charging and charge Nay, it 
IS not improbable that the contractions at the begmmng and endmg 
of the current, m the period of double contraction, which contractions 
have been referred by the author to the action of mduoed currents, 
may in reality be due to the withdrawal rather than to the eommu* 
ntcahoft of these currents I for these induced enrrents are of moment- 
aiy duration, dxsappeanng at the very instant of oppeanng, and 
exhibiting peculianties m disappearmg which connect the disappear¬ 
ance with the iheeharge of statical elcctnoity, rather than with the 
more quiet cessation of current electricity. 

And if this be so—if the inverse current antagonises and the 
direct current favours ooutraction*-then we may m some degree un¬ 
derstand how it is that contraction occurs alternately at the beginning 
of the direct, and at the end of the bverse current. 

When the moeree earrent passes, there is no oontiaetion at the 
beguming of the current, for the influence of this current upon tlie 
nerve-current is one which antagonises contraction, when the inverse 
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current ceases to pass there is coniractioo, for then the inflaene^ 
which antagonized contraction is removod When> on the other 
hand, the direct current passes, there is contraction at the beginning 
of the current, for the influence of the current upon the nerve-current 
IS one which favours contraction, when the direct current ceases to 
pass, there is no contraction, for then the Influence is no longer one 
which favours contraction* 

(c) In the third period— thut of etngle confracfioa—the muscular 
movements resulting from the action pf a galvanic current upon 
nerve are at first sight somewhat perplexing, but with a little 
thought, It may be seen that the same key will apply to their 
interpretation 

If, as has just been mentioned, contraction attends upon the 
beginning of the direct current because this current is found to 
favour contraction, it is not difficult to find a reason whiph will ex* 
plain m some degree, not only why in the period of double eontrae* 
Hon the strongest contraction is at the beginmng of the direct 
current, but also why m the first part of the penod now under con¬ 
sideration— that of eingle ccttfrachon—contraction should continue 
to attend upon the direct current after it has ceased to attend upon 
the inveree current. Nor are the apparent irregularities in contrac¬ 
tion, the voltaic alternatives,** entirely inexplicable, for it may be 
that these seeming irregularities—^this apparent shifting of contrac¬ 
tion from the beginning of the direct to the beginning of the inverse 
current, and so backwards and forwards once and again—maybe 
nothing more than the natnral consequence of the changes which at 
this time have taken place, and are takmg place, in the direction of 
the nerve-current 

111. Letter from Lord Howard db Walden and Seavord, 
Her Majesty's Minister at Brossols^ to Lord John Bus* 
SELL, on a recent severe Thunder-storm m Belgium” 
Communicated by the Bight Hon. Lord John Bussell. 

The writer states that the thunder-storm burst between seven 
and eight o'clock at night on Sunday the 19th of Februaiy, and 
was accompanied by an unusually heavy fall of snow throughout 
Belgium. Twelve churches were struck almost sunultoneously. 
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Although at great diatonces from each other, namely, near Malinea, 
Antwerp^ laege, Louvain, Charleroi, Courtrai Those of Aer- 
achot, Nasareth, AVeseinael, fine old buildings, were totally de¬ 
stroyed , those of Puers, Lierre, Acrselaer, Lobbes, Walcourt, Mar- 
chienne au Pont, Liege, Courtrai, Moorslede, suffered more or less 
lYi the steeples or towers. 


March 8> 18G0 

Sir BENJAMIN G. BBODIE, Bart, President, m the Chair 

The following oommunications were read *— 

L '' the Solar-diurnal Variation of the Magnetic Declination 
at Pekin.'^ By Major-General Edwaad Sabine, B.A., 
Tfeas. and y.P.B.S. Beceived February 2, 1860 

When the first year of hourly obsenrationfl of the declination, 
January 1 to December Slst, 1841, was received at Woolwich from 
the Magnetic Observatory at Hobarton, and when means had been 
taken of the readings of the oolhmator scale at the several hours in 
each month, and these monthly means had been collected into an¬ 
nual means, it was found that the mean daily motion of the declina¬ 
tion magnet at Hobarton presented, as one of its most conspicuous 
and well-marked features, a double progression m the twenty-four 
hours, moving twice fVom west to east, and twice from cast to west, 
the phases of this diurnal variation were, that the north end of the 
magnet moved progressively from west to east in the hours of the 
ibrenoon, and from cast to west in the hours of the afternoon, and 
agam from west to east during the early hours of the night, return¬ 
ing from east to west during the later hours of the night the two 
easterly extremes were attamed at nearly homonymous hours of the 
day and night, as were also the two westerly extremes, the ampli¬ 
tudes of the arcs traversed dunng the hours of the day were oon- 
nderably greater than those traversed during the hours of the nig^t 
When, m like manner, the first year of hourly obsmrationSf July 
Ist> 1842, to June dOth, 184% was received from the Toronto Ob¬ 
servatory, and the mean diurnal march of the declination magnet 
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was examined, it was found to exhibit phenomena in striking corre¬ 
spondence with those at Hobarton At Toronto also a double pro¬ 
gression presented itself, of which the easterly extremes were attained 
at nearly homonymous hours, as were also the westerly, whilst the 
hours of extreme elongation were nearly the same (solar) hours at 
the two stations, but with this distiiiotioii, Uiat the hours at which 
the north end of the magnet reached its extreme ewtterly elongation 
at Hobarton were the same, or nearly the same, as those at which it 
reached its extreme weHtrly elongation at Toronto, and vice versd 
Pursuing, therefore, the ordinary mode of designating the direction 
of the declination by the north end of the magnet in the sonthem 
as well as in the northeru hemisphere, the diumsl motion of the 
magnet may be said to be in opposite directions at Hobarton and 
Toronto, but if (m correspondence with our mode of spealdng in 
regard to another magnetic element, the Inclination) the iouik end 
of the magnet is employed to designate the direction of the motion 
in the southern hemisphere, and the north end in the northern 
hemisphere, the apparent contranety disappears, and the directions, 
as well as the times of the turning hours, are approximately the 
same at both stations 

The double progression in the diurnal vanation, which was thus 
so distinctly and concurrently marked at stations so distant from 
each other, and at which the observations had been conducted with 
an elaborate care which would admit of no doubt as to the depend¬ 
ence to be placed on their general results, was at that time lu great 
measure an unexpected and even a startling phenomenon In the 
well-known description given by M. Arago (iii the instmctions drawn 
up for the voyage of the * Bonne’ in 183G) of the general pheno¬ 
mena of the diurnal variation in different parts of the globe, as then 
known, th^ are represented as consisting of a single progression 
only, with but one easterly and one westerly extreme, both oocurrmg 
during the hours of the day, and no reference or allusion whatso¬ 
ever IS made to the existence of a double progrcssiou, or of a noc- 
tumal interruption to the continuous motiou m the one direction 
between the two extremes*. That the diurnal motion must he a 

* from the oaUuioa oa the pert of M Arago of any notice of a nocturaal 
lBatiiie,it might perhapi be inferred that the diurnal vanation at Paris u actually, 
aa deacribed by bun, a nngle progreaalon it aocma very iniprebable, however, 
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"^consequence^ m some way or other« of the sun's action^ could jiot 
be doubted, fVom the fact that the period m which the Tariltion 
takes place is a solar day, and whilst the progression was regarded 
as a single one in the twenty-four hours, it accorded sufficiently well 
with the prevailing notion, that the magnetic variations were pro¬ 
duced by vanationB of temperaturCj to meet the general view, not¬ 
withstanding the grave doubts and dissents which from time to 
time had been expressed by those who more closely examined the 
phenomena of particular localities. As the existence of a well- 
marked double progression at some stations on the globe could, 
however, no longer be disputed, the difficulty which now presented 
4tself was to etpliuu in what way this apparently double action of 
the sun was produced, 

Qn A careful examination of the diurnal motion of the declination 
m^et on d^erent doffM of the years referred to at the commence¬ 
ment of fius paper, it doj^ beeeme obvious that, both at Hobartou 
and Toronto, many dl^fs occurred lu which the diurnal march was a 
single progression, the iiamtumal retrogrelunon wholly disappeanng, 
and that there were many more days in which this was more or less 
approximately the case It further appeared, on subsequently com¬ 
paring the observations of the same years at both stations, that the 
days most distmguished by a large and even sometimes an extrava¬ 
gant interruption of the otherwise continuous angle progression, 
were generally the same dage at both etattane , and by extending 
the comparuon to other though less complete senes of observations 
lu other parts of the globe, these days were identified as those on 
whteh magnetic etorme had prevailed ^ viz. days which bad been 
diaUnguudied by the occurrence of perturbations, often of very con¬ 
siderable magnitude, affectmg simultaneously the magnetic elements 
in all parts of the globe as far as observation extended, presenting a 
remarkable uniformity in the effects produced at contiguous stations, 
bat (as shown by the simultaneons observations at Toronto and 
Hobarton) nuuufesting a great vanety both in the chametmr and the 
amount of disturbance in parts of the globe distant tma each 
other. To separate the observationB affected by these exeeptkmat 
and casual influences from the ordinary and what might be ^med 

that thh iboiad be the aue, sines the obittrnUona at Gieenwieh tad Kew htve 
ihovni that the prngiesilon ii doable at those stations. 
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the normal position of the declination magnet^ and to study the^ 
lai^ of each taken $€paratelg^ as well as in their combination, be¬ 
came therefore a prekmmary work to the right understanding of 
either That some such mode of examination would be required, 
had indeed been anticipated in the instructions drawn up with so 
much sagacity by the Committee of Physics of the Royal Society, 
for the guidance of those who should engage in the direction of the 
Colonial Magnetic Observatones then in contemplation. In the 
preface to those instructions, it is expressly stated that the pro¬ 
gressive and periodical magnetic variations are so mixed up with the 
trantiiary changes, that it will be Impossible to separate them so as 
to obtain a correct knowle^e and analysis of the progrt»Me and 
penodtealt without taking express account of and eliminating the 
transitory or casual ** The difficulties which impeded, and wi|iuch 
still impede an entire comphauc^ with this instruction, viz the 
feet chmination of tlie transitory and casual ehangos, were found to 
be very great The direction which the magnet assumes when it is 
under the influence of a perturbation of thu nature, is not distm- 
guishable from the direction assumed under the ordinary magnetic 
influence, by any other entenon yet known than by the magnitude 
of its deflection from the mean or normal position in the same 
month and at the same hour, the magnitude of the abnormal de¬ 
flection may be ihns taken, to a certain extent, ns a means of recog- 
nizmg the existence of a perturbing force, and it is the only one we 
possess. If we employ this entenon of magnitude as manifestmg a 
disturbed observation, and separate the obseriations so disturbed 
from the others, we must still be aware that there may exist, and 
that probably there do exist, amongst the body of observations from 
which the large disturbances have been separated, some which may 
be affected the same disturbing cause or causes operating in a 
minor degree, and assuming tlie disturbances to have different 
laws from the general body, the unseparated minor disturbances 
may still impede the perfect deduction of the laws of the other class 
witii whidi they are so intermixed. 

But though the entenon of magnitude may not enable ns to effect 
a complete separation of the two classes, it will suffice to accomplish 
an approximation to that end, it will aqmrate a sufficient body of 
ffiiturbed observations,—disturbed beyond the lunit of any other 



864 


known influential cause,—to permit the laws of the disturfauig action 
to be investigated, and when these laws are known, we ore 
with the meanB of making at least an approximate estimation of the 
influence exercised by the uneliminated minor disturbances on the 
laws which we may proceed to deduce for the class of observa¬ 
tions *lrom which we' have not been able to effect their perfect 
^ 'separation 

Adopting tins method of partially eliminating the influence of the 
magnetic idjjpnnB in the observations at Hobarton and Toronto, and 
proccedm^ i;n the first instance with the ogution suitable to a first 
experiment, an unnecessanly high value (as it subsequently proved) 
was that which should distinguish a perturbed observation, 

and Consequently but a small body of disturbed observations was 
sSfimktod. On a recalcuiaUon of the diurnal variation after the 
^ ^Iim|hatum qf thqse, and ansoppansoti of the results vnth the diurnal 
vamtum obtained p|seitqa|fy ftptu whole of the observations, the 
oluqra^tc^ ctf tlie magnetic storms was very mamfest 

By the dumnatioB of'1^ disturbances, the interruption to a 
contmuoUs progression Iftim the afternoon of the one day to the 
morning of the followmg, was considerably dimitusbcd both in con¬ 
tinuance and amount A smaller sepanituig value was then taken, 
and consequently a larger body of disturbed observations was 
elunmated, the effect produced was a still furliher reduction of the 
nocturnal feature These first essays were aufilicieat to show that 
the mean effects of the magnetic storms on the decimation magnet, 
both at Hobarton and at Toronto, attained a maximum in the early 
hours of the night, and constituted at both stations a very con¬ 
siderable part, if not the whole, of the nocturnal portion of the 
double progressiour which has been described. By still further 
dimmudung the separating value, but still keeping it well withm the 
hmits m which no complication of disturbing causes would be 
haaarded, so little was found to remain of the nocturnal interruption, 
that I ventured, in the Ist volnme of the * Toronto Observations,* 
published m 1845, to express the opmion that the whole m- 
Jluenee qf the maffneitc etorme could he ehmtnaM from the oheer* 
eaiUma, the remdmed porHon tf the dtumal vanatum would be a 
muffle prcffreemon untk hut one msuetmum md one nuntmtim tn the 
twentff’fanr Aonre.*’ 
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The peculiar character of the magnetic atorma (or dutorbanoea aa 
tiiey are aometxmes calied)i and the penodioal laws exhibited in thin 
mean effecta, have been the aubject of fVequeut inTcstigations ainoe 
1645. It la not necessary to notice on this occasioa the resulta 
of these further than as they are connected with the explanation of 
the phenomena of Uic diurnal variation, which forms the subject 
of this paper It has been shown, by abundant evidence, that 
though apparently casual in the times of their occurrence^ the mag¬ 
netic storms nevertheless produce mean effects, which, i^en the ob¬ 
servations of more than a very few days are combined, are seen to be 
of a highly systematic character in all parts of the globe where their 
effects have been examined t—that the mean deflections which tb^ 
occasion have always their particular homos of extreme elongation, 
with coiitmuous mtcrmediatie progression i^that these hours iSf* 
ferent in different }>arts of the globq, eahibiting apparently every^ 
possible variety —that the dtstt^anee diumoLnu^iationp ay fhi: di- 
8 tinctioii*a soke it may be called, eopalftiites'isyejrywhere n sensible 
portion of the diurnal variation shoWh by |}le, mean of the hourly 
observations from which no elimination of ^Ksturbed observations has 
been made *—that the diurnal variation so obtained is in foci a result¬ 
ant of two dinmol vanations superposed, both referable to the sun 
as their primary cause, but mauifesting by the difference in the cha¬ 
racter of the ei^ts produced, a distinction m the mode of operation 
to which they are severally due The disturbance variation is caused 
by deflections which are only of occasional occurrence, Uie more 
regular solar diurnal variation is distinguished, on the other hand, 
by the regularity of its daily occurrence, and its hours of extreme 
elongation, or (as they may be more familiarly termed) its tummg 
hours are the same, or nearly the same hours of local solar time in all 
parts of the globe, whilst those of the disturbance variation show 
almost eveiy possible variety. The relative magnitudes or proportions 
of the two components differ also very greatly at different stations, 
and thus, by the operation of causes which as yet are but very im¬ 
perfectly known, at localities where the magnetic storms are ex¬ 
cessive, the disproportion of the components becomes excessive also, 
and the phases of the regular variation are rendered altogether 
snbordinate to those of the disturbance venation Until therefore 
the extension of observations shall give rise to and estabhsh some 
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general theory whereby the influence of the disturbancee lu different 
parta of the globe may be predicated, thAr particular laws at evefe’^ 
station most be sought by a special mrestigation» and no ooit^ 
dusion in regard to either of the components of the diurnal variation 
IB enliUed to he viewed as final which has not been preceded by 
sudi an investigation. 

It has appeared desirable to enter more at length into this pre* 
Itminaxy s^tclnent than may at first sight be thought to be required 
by those wito have followed the different stages of the inquiries re* 
ferred to, because the mterpretation, which was given so far back as 
1845|Of the dmmal variation atTorouto and Hobarton, has scarcely 
reeved the consideration which might seem duo to a laborious and 
ajqjUtfeidly atioeessfu! analyns of the phenomcua, and there are some 
etebscat physunsts who have framed or adopted theonca for the ex« 
pboadon of the diurnal vangtion, m which theones the existence of 
a douUf progfessfamiw « universal and necessary phase is essentially 
implied. Amongst these, the most prominent perhaps, and the one 
whidi has obtained fhe'widestvunreulation, is the theory of the 
R. F. A. Secchi, Bueetor of the Obsenratoiy of the CoUegio Romano, 
published originally m Itahan m 1654 m the * Correspondenea Sci- 
entifica* in Rome, translated into English in the,edition of 1857 of 
the late Dr. Nichol's * Cydopeedia of the Physical Saences,’ and 
more recently adopted in the third volume of M. de bSive’s * Traitd 
d^Electricitd * In M Seochi’s memoir, the diurnal vmtion, with its 
double movement in the day and night, is ascribed to the direct 
action of the sun as a distant and powerful magnet, influencing the 
magnetic needle at different stations on the globe m a manner con- 
tmgent upon the direction of the magnetic mendian at each place, 
and prodnoing extreme deflections to the East and to the West twice 
in the twenty-four Hours, the tunung hours being about six hours 
apart» and stated to be appropnately rqiresented by a formula of two 
termSv one involving the tone of the* hour-angle, and the other the 
ame of twice that angle: the phenomena of the doable progresrion 
at Toronto and Hobarton are thus viewed by him as ** Types of all 
that happens beyond the bmits of the tomd sone.'* 

If I have represented M. Seoobi’s news oorreoUy, and 1 think I 
have done so^ the questkm betwe^ the iconfbrmity to nature o£ his 
views and mine would be tested by the facts (when they should be 
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known) of the diurnal variation at a station m the middle latitudes 
where the principal influence of the magnetic storms should take 
place* not in the hours of the ntght^ but lu those of the day 
Accordiug to interpretation of the phenomena at Toronto and 
Hobarton* such a station ought to exhibit a single progression * ac¬ 
cording to M Secchi^B, a double progression with turning hours 
about six hours apart Such a station would therefore furnish what 
might be deemed a crucial experiment In the extension of our ex¬ 
perimental knowledge which might be expected to follow from the 
adoption by Her Majesty's Government of the recommendations of 
the Royal Society and of the British Association* which have beeu 
communicated to Lord Palmerston with so much earnestness of tpur- 
pose* and with so just aii appreciation of their importance* by His 
Royal Highness tlie Ihince Consort* as President of the British As^ 
sociation* it had been anticipated that, k would not be long before 
the evidence derivable from such a station would be secured to us 
I have found it* however* sooner than I had expected* or had hoped 
for* m the three years and ten months of hourly observations of the 
Decimation at Pekin* from January 1* 1852* to October 31* 1855* 
made under the supermtendence of M Scatchkoff* attached to tlie 
Russian Embasty at Pekin* and pubiisbed by our distinguished 
foreign member# M. Kupffer* lu the volumes of the * Aiuiales de 
rObservatoire Physique Central de Russie ’ The results of these 
observations* as far as they bear on the questions of the general phe- 
nomeua of the diurnal variation, and on the mode in which these 
may be explamed* form the subject of the present communication 
The examinatioa of these observations was first undertaken by me 
for the purpose of ascertaimug* as far as possible by their means, the 
premse epoch of minimum in the so-called decennial period of the 
magnetic storms With this view a separation was made of the 
larger disturbances in the usual manner* and theur laws at Pekin m- 
vestigatod. In this process it was soon perceived that the hours of 
prmoipal disturbance were those of the day* both iu the easterly and 
in the wester^ duturbanoe deflections* and on subsequently receiving 
firom the ooniputers the annual mean of the diurnal variation cor- 
lesponduig to the whole period of observation (in which the omission 
of disturbed observations dunng the hours of the night bad been 
comparatively very inoonsiderable), 1 was not surprised to find that 
VOL. X. 8 D 
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it exhibited no trace of a double progreanon. The resulU were as 
fellows s— 
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If we examine these figures^ we perceive that the motion from west 
to easti commencing at the turning hour between 1 and 2 in the 
aftemooiUy though comparatiyelj slow during the hours of the night, 
is contiiinoiu and unintmupted until the extreme easterly elonga¬ 
tion IS reached between 8 or ^ in the following morning, and 
that no other turning hours intervene between those of the extreme 
easterly between 8 and 0 and the extreme westerly between 
1 and 2 P 4 M* 

The phases of the solar-diurnal variation, as they are shown by the 
Pekb Observations, may be stated as follows.— Th/b north end of the 
magnet is at its extreme eastern elongation libout half-past 8 in 
the monung $ at this hour it begins to move to the west, and moves 
rapidly m this part of its daily course, completing its whole move¬ 
ment in that direction in five hours, and reaching its extreme western 
elongation at about half-past I From this hour it returns, 

somewhat less rapidly than in its forenoon excursion, until about 
6 P.M., when the rate of progression is considerably lessened, but 
continues m the same direction through the hours of the night, until 
about 5 A M., when it again accelerates until the eastern extreme 
is attuned, as dready Itbted, about 8j: a.m. Tliere is thus 
a very unequal divunon of time m the direction of the motion, 
which takes five hours in the progress ftom east to west, and 
nheteen hours m letuming from west to east through the same 
arc. We find a more equal divisioo of time if we regud the 
greater or less nudity of the motion. there are about twelve 
hours in whidi the motion is comparatively qmok, and twdve hoars 
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in which it IS comjiarativeljr slow, the quick hours being those of 
the day, the slow hours those of the night. 

Thus far the notice we have taken of the Pekin results has been 
limited to the diurnal variation which we find when we take an 
average of the whole ycar> and which we may theoreticallj suppose 
would take place m every month of the year if the sun were always 
in the plane of the equator But similar investigations had already 
made known to us the existence of a semtannuaf tneguaft^y, having 
opposite phases accordmg os the sun has north or south dechna- 
tion, with turning epochs about the times of the solstices, and 
the phases passing into each other about tlie times of the equinoxes 
1 have already, on a former occasion (Proceedings of the Boyal So¬ 
ciety, May 18, 1854), submitted to the consideration of the Society 
the concurrent evidence from three stations, Toronto, Hobartou, and 
St. llelona* of the existence of this inequahty, and of the almost 
uniform character of its phases at those stations, from which 1 ven¬ 
tured to infer the probability that an inequahty having a similar cha¬ 
racter would be found to be a ^neral phenomenon I am now 
able to add to the evidence which was then adduced, a representation 
of the semiannual inequality at three additional stations, viz, at ilie 
Gape of Good Hope, of which the particulars m detail will be found 
in the 2nd volume of the * St. Helena Observations,at the Kew Ob¬ 
servatory, taken from the hourly tabulations from the photographic 
curves obtamed by the self-recording dechnometcr at that station,— 
and at Pekin, as shown in the following tabular view — 
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As the correspondence of such phenomena is often far better 
judged of by the eye, when exhibited in the form of curves, than by 

2d2 
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the oompttrison of tableUt I have exhibited m a diagram the phaaes of 
the aemiannual inequality at the eix Btations^ by which it will be seeu 
that they add their confirmation to the inference which I bad previ* 
ously drawn^ With this additional evidence of its uniform character 
in difierent parts of the globe» it may be hoped that the claim of the 
semiannual inequality to be received as a successful generalisation 
fVom a careful and comprehensive induction may be admitted, and 
that as an aoeession to our jmsitive knowledge it may have a recognized 
place amongst the facts of the diurnal lanation. which have to be ac¬ 
counted for in the theories which may be hereafter adduced for their 
physical explanation. 

We now, therefore, recognize three classes of phenomena derived 
fVom three different sources, which are superposed m the diurnal va- 
nation obtained from the unreduced observations, and which for a 
proper understanding of the whole, require to be separated from each 
other by a proper analysiSi so that the part due to each may be di¬ 
stinctly ascertained: these are«*>lBt, the mean effects of the magnetic 
storms, 2nd, the semiannual inequality of the regular solar-diumal 
vanation, and 3rd, the mean solar-diumal vanatiaa>of the year 
into which the semiannual difiTerences marge* ^The distiuctive 
characteristics of the first, viz the disturbance diomal vanation, 
have already been stated m the early part of this paper, together 
with the evidence they supply of being due to some modification 
of the solar action,—justifying their being treated as distinct and 
separate from the affections which constitute the more regular 
variation. There are also distinctive characters in the pheno¬ 
mena of the semiannual inequality, and in those of the mean va¬ 
riation, which appear to point out a difference in the mode in which 
the primary cause'operates in producing the two classes of pheno¬ 
mena. For the purpose of explammg this difference we may em¬ 
ploy, as more likely to be generally understood, the usual custom of 
referring all deflections, whether m the northern or the southern 
hemisphmw, to the north end of the magnet i we say then that, m 
the mean vanation, tlie directions of the deflection are uniform 
'throughout the year iu the middle latitudes of the one hemisphere, 
and (although opposite) are also uniform throughout the year m the 
middle latitudes of the other hemisphere, whilst in the semiannual 
inequality, the directions of the deflection are uniform in the two 
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hemispheres, but opposite in the two half years In the one case 
the efEeots are hemispherical, m the other semiannual It is this pe¬ 
culiarity which gives to the Apnl to September” branch of the 
semiannual mequality its analogy with the diumal variatioO which 
prevails throughout the year m the middle latitudes of the mrthem 
hemisphere, and to the October to March ” branch its analogy 
with the diumal variation which prevails throughout the year in the 
middle latitudes of the southern hemisphere The analogies extend 
even to the small but apparently systematic difference which exists 
between the turmtig hours of the mean variation in the two hemi¬ 
spheres, and of the semiannual variation m the two half years The 
turning hours of the variation in the northern hemisphere, and of the 
** Apnl to September ” semiannual branch, appear to occur system¬ 
atically about an hour earlier than those of the southern hemisphere, 
and of the “October to March” semiannual branch This is a 
connecting Imk which draws still nearer the analogies of which the 
broader features have been frequently noticed and commented upon , 
and 18 the more remarkable on account of the diversity which in other 
respects seems to distmguish the mode of operation by which the 
solar influenee produces m the one case hemispherical difference with 
annual agreement, and in the other case semiannual difference with 
hemisphencal agreement 

Thus at Pekin, regarded as a station m the middle latitudes of the 
northern hemisphere, if we view the semiannual mean of the six 
mouths from Apnl to September, we see repeated the general fea¬ 
tures of the annual mean, reiuforoed by the semiannual inequahty of 
kindred character with itself, the deflections of both having the 
same direction at the same hoivs, the range becomes enlarged, but 
its characteristics afb unchanged ; the progression u still a smgle one, 
as IS the case in the annual mean, with but one easterly and one 
westerly extreme, the hours of which are slightly earher than those 
of the annual mean, by reason of a particular feature of the semi¬ 
annual mequality spoken of above, 'When, on the other hand, we 
direct our attention to the semumnualmean from October to March, 
we see the consequence of the superposition upon the annual mean 
of the opposite semiannual inequality* belonging to these months t 
this is most particularly shown in the effect produced upon the semi¬ 
annual mean by the great semiannual loop which culmmates about 
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8 or 7 n.M Thii deflection^ vlucli k oppomte m direction to tbat 
appropriate to the hemuqphere^ prevaib over it io far as to interrupt 
the progression, which on the mean of the jrear is continuous, and to 
produce a secondary maximum at about 7 a h This opposite de¬ 
flection to that which is normal m the hemisphere^ taking place nt 
the hours when the semiannuBl mequality is greatest, is a common 
feature whenever, m the middle latitudes of either hemisphere, the 
mean diurnal variation of the one hemisphere is combined with the 
semiannual inequality which has the opposite analogy The houi 
of principal discordance between them is always nearly the same, 
being determined by that of the principal deflection on the semiannual 
curve, which, as seen m the diagram, is nearly identical in solar time 
m all parts of the globe In the semiannual mean from October to 
March the principal turning hours are a little later than m the an¬ 
nual mean, just os we have seen above that, m the April to September 
mpan, the turning hours are a httle earlier than in the annual, and 
for the same reason. Finally, it is this combination of the homi- 
sphcmcal and semiannual effects which creates the differences we ob¬ 
serve m the amount and hours of the solar-diurnal vanatioii in the 
different months m the middle latitudes of both hemispheres 

There is one more feature of some importance to the general 
theory of the diurnal variation, which is illustrated by the Pekm obser- 
varions, and requires a brief notice A distinction has been elsewhere 
pointed out (Cosmos, English Translation, Longman's Edition, vol- 
IV. p, fl04, Editor's Note) between the diumol variation of the equa¬ 
torial zone and that of the middle latitudes, consisting in the ciroum- 
Btanoe that in the equatorial aone the amount of the semiannual de¬ 
flection u greater than tbat of the hemispheneal deflection at the 
hours when they are opposed to each other, and by its preponderance 
ekemgu Me cAoraefer, instead of eiiqpfy dminuhmg ih€ amount, 
cf the hemispherical deflectioD, The change in the signs of the de- 
flecriim at 6 and 7 a.v. m the semiannual mean firom October to 
March at Pekin is an lUustration of this peculiarity, and ought ^ 
perbi^ hi strietnera to cause f ekiu to he included in the mapie- 
tiosBy equoiorud fonei but being only just irithm the border, it has 
been found more convmdent to dwell on this occasion upon the fm- 
tum which it has k ooimmm with stations in the middle latitndes. 

The dinrual variation at P^n reaches its extreme defleetions at 
the same hours of solar rime, as is the 0tm at the other stations in 
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the northern hemiiphere where the phenomena have been examined 
with equal care. Thu fact u not in accord with the opinions of those 
physicuta who regard the solar action as conditioned in its exercise 
by the direction of the magnetio meridian at the particular station* 
In the different stations in the northern hemisphere^ where the ex¬ 
treme defleotums have been found to take place at the same hours of 
solar time, the differences in the direction of the magnetic mendian 
have not been less than 7(P| equivalent to a difference of solar time 
of between four and five hours 

I ought not to close this paper without adverting to the success 
which has attended Mr. ScatchkoiTs employment of native Chinese 
as his assistants in the work of the Pekm Observatoryi holding out 
as it does an encouraging example to Directors of Observatories who 
may be similarly mrcamstanced. A very close test of the care and 
fidelity with which observations have been made and recorded is fiir- 
niahed by the lunar-diumal Tanation« deducible from them when they 
have been re-arranged under the lunar hours to which they severally 
belong Thus tested, the Pekm observations show no infenority to 
those of other stations which have been similarly examined. 

It 18 understood that the observations, which were discontinued at 
Pekm at the end of 1855, are about to be recommenced,or have been 
80 already. It ia greatly to be denred that hourly obervattons of 
the Horiaontd and Vertical Forces should be combined with those 
of the Declination at this important station. The self-recording ap¬ 
paratus of the three elements which has been in action at Kew daring 
the laat two years* has been found, by the reduction of its tabdated 
values at hourly intemds, to be in no respeot practically inferior to 
the method of eye-ohservatton, whilst it possesses many advantages 
whidi are peculiarly itf own. The tabulation firom the Photographic 
Carves, as well as the redactions, might be made, if more convenient, 
at the central Phyiical Obaervatory at St, Petersburg^. 

Match 15,1880. 

Sir BENJAMIN C. BBODIE, Bart,, Freaident, in the Chair, 

« 

Robert Pettenon, Baq., wu adopted into tit* Sooiefy. 

The feUowiBg eommanfawtioM were read i— 

I. “Aiuljnu of my Right, with a vtm to noertam the feed 
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power of my eyes for horiBoatal and for vertical raya^ and to 
determine whether they poBaess a power of adjuatmcut for 
different distances/' By T. Whabton Jonbs, Esq , F.R S , 
Professor of Ophthalmic Surgery in University College^ 
London^ &c. Received March 8^ I860. 

BesideB the well-known differences of sight in respect to famess 
and neamesst there are differences in respect to the power of the 
eyes of different persons to bring the rays of light to one exact focus 
From observations and experiments in which I have for some time 
been engaged^ 1 have been led to suspect that a9tiffmaitm or inca¬ 
pacity of the eye to collect all the rays of light which enter it to 
one exact focusj »• if not the rule of sights at least of very common 
occurrence. 1 do not here refer to the cases in which astigmatism is 
of so exaggerated a character as to be a positive defect sf sight. 

It would be of great importance, both in a scientific and practical 
pomt of view, to possess some accurate data as to the frequency of 
the occurrence of astigmatism, bul^ such can be obtained only by a 
number of different persons--quahfied observers—contnbutmg each 
an analysis of his own sight I have thought, therefore, that by 
bringing under the notice of the Royal Society an analysiB of my own 
sight, some of the Fellows and others accustomed to exact observations 
nught, perhaps, be induced to make similar contributions. The 
adjustment of the eyes for different distances being intimately con¬ 
nected with the question of st^^twn or I have included 

it in my analysis. 

If I view a vertical and 
honsontal line, both equally 
strong and black, I see them 
with medium distinctness at 
the distance of about 10 
indies. 

At the distance of about 
inchea, 1 see the vertical 
line with greater distuictueaa 
and better definition—the 
greatest dutinotness and best 
definition my eyes are ea- 



* ConUauod fnm pige 374, 
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pable of; but the honeoiital line I see indistmcdy-—witib much less 
distinctnesB than that with which 1 see any part of the 6gm at the 
distance of 10 inches. At the distance of 12 indieSt I see the bon- 
aontal line with the greatest distinctness and best definition my eyes 
are cqmble of, but the Tcrtioal line I see mdistmctly^with much 
less dutinctness than that with which 1 see any part of the figure at 
the distance of 10 inches. It thus appears that my eyes collect to a 
focus on the retina the rays which diverge honsontally at the dutance 
of Hi inches» and the rays which diverge vertically at the distance oi 
12 inches. Whilst seeing the vertical line with perfect distinctness 
and definition at the distance of 8^ inches* I cannot alter the adjust¬ 
ment of the eye so as to see the horisontal Ime more distinctly and 
the vertical one less distinctly, and rtee eersd, whilst seeing the 
horisontal line perfectly defined at the distance of 12 inches* 1 can¬ 
not alter the adjustment of the eye so as to see the vertical line 
more distinctly and the honzoiital one less 

In short, 1 find that 1 have no power of altering the adjustment of 
mv eyes I see vertical lines with perfect distinctness and definition 
only at the distance of Bi indies, and horisontal lines with perfect 
distinctness and definition only at the distance of 12 inchea, and both 
vertical and horisontal lines simultaneously with medium distinctness 
only at the distance of 10 inches. 

At the distance of about 7 inches 1 see the vertical hne with medium 
distinctness, but the horisontal Hne veiy indistmctly 

At the distance of about 14 inches I see the honsontal line with 
medium disUnetness, but the vertical line vexy uidiatinctly. 

At a nearer distance than 
7 mches I see both lines indi¬ 
stinctly, but the vertical lees 
so than the horisontal At 
a further distanoe than 14 
indies, on the other liand, I 
see both hues indutmctly, 
but the honsontal less so 
than the vertical. 

If BOW 1 view two oblique 
lines, both of which are 
equally strong and black, 




I Bee both logs with medium distinotnesB at the dutanoe of 10 
inches. 

At the distance of about 8| inches I see the two oblique 
hues equally well* but not so distinctly as at the distance of 10 
inches 

At the distance of 12 inches I sec the two oblique lines with much 
about the same distinctness as that with which 1 see them at the 
distance of 8^^ inches 

It thus appears that 1 cannot see either of the oblique hues with 
perfect distinctness and definition at any distance» but thqt I can 
see them both simultaneously distinctly enough at any distance from 
8 | inches to 12. At a nearer distance than 8 j inches* or a further 
distance than 12 inches, the distinctness diminishes, and that equally 
for the two lines 

I cannot by any adjustment of my eyes vary the distmctness with 
which I see the oblique hues at a given distance 

The preceding mialysis of my sight shows that my eyes are mi 
monoitigmaitCt that is, are not capable of collecting all the rays of 
light which enter them to one exact focus. It shows, on the contrary, 
that my eyes are duhgmatte, that is, they have each two distinct 
foci to which th^ bnng the mys^ vis one focus for horisontal rays, 
and one for vertical rays 

The preceding analysis also shows that my eyes do not possess any 
intrinsic power of adjustment whereby they can bring to foci rays 
diverging from a nearer or further distance than the two distances 
above specified for honsontal and for vertical rays * 

It IS true that I can see the different objects in a room distinctly 
enough without the aid of glasses, and that in the street or open 
country I can see objects distinctly enough for all practical purposes 
with the Old of concave glasses Nos. 2 and 3, but, critically speaking, 
the definition is far from being exact 

Directing my qre to an object 2 or 3 feet from mo, I see it 
distmetly enouj^ whilst an oigect m the same field of view at the 
distance of 10 or 12 feet is at the same moment seen very indistinctly. 
If now, I direct my eye to the object at the distance of 10 or 12 feet, 
I see it distmetly enough, but the object at the distance of 2 or 
3 feet now appears veiy indistmct. 

This 18 commonly considered an evidence of adjustment of the eye 
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to the two diffejTCut distanoee There la, however, no real intnnsic 
adjuatmeat in the cose I acc distinctly enough, either the nearer 
or the more distant object, merely because by directing my eye to 
it. Its image Ms on the central and most sensitive part of the retina, 
whilst the image of the other object falls on the circumferential and 
least sensitive part of the retina 

It IS to bo observed tliat at neither the nearer nor the further 
distance, do 1 see the object exactly defined on directing my eye to 
it On directing my eye to the inrther object, 1 see it, of course, 
less defined than I do the nearer object when 1 direct my eye to it, 
but the difference is not at a glance very sinking* 

This expenmeut must not be confounded with another adduced 
by the late Professor Muller as a proof of the existence of an adjusting 
power in the eye* The evpeninent I refer to is as follows — 

If we regard with one eye only (the other being closed) the ends 
of two pins placed one before the other at different distances m the 
hue of the axis of the eye, one will be seen distmcUy when the other 
appears indistinct, and tnce vend Both images he m the axis of the 
eye, one over tiie other, and yet it depends on a voluntary effort, 
the exertion of which can be felt m the eye, whether the first or the 
second pm shall be seen distinctly The two images of the pins,’* 
says Muller,'' fall upon the same point of the retina, one lies over the 
other, and yet 1 sec die nearer through the cloud-hke image formed 
by the ra^s from the other more distant pm, and vtee versd ** 

If any person is able to see the phenomena here described, he is 
undoubtedly endowed with an adjusting power in his eye 
1 have never succeeded in seeing the phenomena myself 
In viewing objects at different distances, the sight is no doubt 
aided by the movements of the eyebrows, eyelids, eyeballs, and pupils, 
but in this we have no example of adjustment properly so called, 
VIZ intrinsic adjustment 

That the focal power of my eye may become slowly altered, for 
instance by probnged examuiation of near and mmute objects, and 
again slowly return to its former state, I am satisfied, but this, again, 
IS no example of adjustment properly so called* 

PS It would oblige me very much, if any one, into whose hands 
this paper may happen to M, and who may take the trouble to 



885 


analyse his sight in the manner herein descnbed, would communi¬ 
cate to me the results of his observation on the following points — 

1 . The distance at which the vertical line is seen with the greatest 
distinctness and best definition 

2 The distance at which the horizontal hne is seen with the greatest 
distinctness and best definition —Or, 

3 If there be no difference m the distance at which the vertical 
and lionzontal hues are seen with the greatest distinctness and best 
definition —And, lastly, 

4 Whether or not the observer can satisfy himself that he has 
the power of adjusting the eye, so as to be able to see the lines with 
perfect distinctness and definition at any other than one distance 

N B If spectacles are worn, mention the kind of glasses—whether 
convex or concave—and their power 

Note also if there be any difference in the sight of the two eyes 


II " On the Light radiated by heated Bodies By Balvoor 
Stewart, Esq, A,M Communicated by J P Oasbiot, 
Esq. Beceived February 7,1860 

In two papers read before the Boyal Society of Edmburgh in the 
years 1858 and 1859* and published in their Transactions, 1 have 
described some experiments on radiant heat, whicli would seem to 
involve an extension of Prevost’s theory of radiation, known as the 
theory of exchanges 

As the paper which 1 have now the honour to submit to this 
Society will detail analogous experiments on radiant light* I may 
be permitted bnefly to refer to those points in my previous papers 
which are thus intimately connected with the present subject 

In attempting to unfold the logical consequences of Prevost’s 
theory* eertam properties of radiant heat present themselves to our 
view* many of which are capable of experimental verification. 

The fiiUowing are some of these i and, for convemenoe-sake* 1 
shall follow up the statement of each (before proceeding to the next) 
with a description of the analogous property of radiant light, as in 
this way the similanty wiach, exists between heat and light will be 
most readily perceived. 


2b 2 
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Id the first place, the heat radiated by a tliin [ilute of any sub¬ 
stance at a g^ycn tomporature, la proportional to the absorptive 
capaaty of that substance for the heat of that temperature, or, in 
ferr words, its radiation is equal to its absorption 

Bock-salt, for instance, has a small absorptnc capacity for heat of 
212 ° F , and, m consequence, its radiation when heated to 212° F is 
comparatively small In point of fact, a plate of this substance, 

0 18 mch thick, only gives out 15 per cent of the heat whuh 
lamp-black radiates at the saute temperature Glass, on the other 
hand, absorbing nearly all the heat of 212° F which falls upon it, 
has at this temperature a radiation comparatively great, and nearly 
equal to that of lamp-black A similar law holds with regard to 
radiant light 

If a piece of perfectly transparent glass be heated in an ordinary 
fire, removed to the dark, and there viewed, it will be found to emit 
scarcily any light, if the gloss be slightly coloured, its radiation 
will be more copious, the amount of light given out, os far as I 
have been able to make the companson, invariably depending upon 
the depth of colour or absorptive power of the glass for light, pro¬ 
vided its colour stands heating A good way of performing this 
experiment is to heat a dark glass by the side of a colourless one, by 
means of a chemical tongs, in some uniform field of heat. When 
viewed in the dark together, the contrast is very striking between 
the bright light of the one and the bare visibility of the other 
A stratum of heated gas may likewise be instanced as a substance 
which neither absorbs nor emits light to a sensible extent, and it baa 
similar properties with respect to heat 

Let us now proceed to another consequence of Prevost’a theory. 
It IB well known, from Mellom*s expenments, that thin plates of 
various substances have the property of sifting the heat which falls 
upon them, they stop certom rays, and allow others to pass, the 
heat stopped being of one dcscnption, and the heat passed of 
another. Now, it may be shown to flow from the tbcoiy of ex¬ 
changes, that the heat radiated by a thm plate of any substance at a 
given temperature is precisely that description of heat whudi the 
plate absorbs when heat of that temperature is allowed to fall upon 
it The heat which it absorbs being that kind of heat which has 
a difficulty in passing through it, if the heat which it radiates be of 
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this descnption also, it follows that the heat given out by a plate of 
any substance will experience difficulty in passing through a screen 
of the same substance This we find to be the case thus, a plate 
of rock-salt 0 77 inch thick passes only 30 per cent of the heat from 
a thill plate of rock-salt heated to 212*^ F , whereas it will pass 75 
per cent of heat from lamp black at tliat temperature The same 
thing holds with regard to glass A thm plate of crown glass will 
only pass half as much heat from heated crown glass as from heated 
lamp-black But this peculiar (piahty of the radiating plate is de¬ 
stroyed if wo coat the side of it furthest from the screen witli lamp¬ 
black , it then behaves precisely as lamp-black alone would do The 
reason of this is that the rays of heat given out by the glass are the 
equivalent of those which it absorbs from tiie lump black behind, 
so that both together give out the same heat m quantity and quality 
as lamp-black would alone 

We have here also analogous properties of light Let us take a 
number of differently coloureil glasses With respect to the light of 
an ordinary fire, these may be divided into two groups, viz iliotie 
which redden, and those which whiten iht fire when wc look through 
them The first group comprises red and orange glasses, the second 
group green and blue glasses 

Glasses of the former group absorb the whiter, glasses of the 
latter group, the redder descriptions of light We should therefore 
expect red and orange glasses to give out, when heated, a peculiarly 
white light, and green and blue glasses a peculiarly red light A 
number of red and orange glasses have been found which fulfil this 
expectation. Among the reds, those coloured by gold, when re¬ 
moved from the fire and held in the dark, give out a milky-white, 
or even greenish light, and the orange glasses used by photo¬ 
graphers do the same Other glosses, of a dmgy red tmt, give out, 
when hMted, light shghtly whiter than the ordinary light of their 
temperature, while there are others m which 1 have not, by this 
somewhat rude method of experimenting, been able to detect a 
sensible pecufaanty of tint: yet this is not to be wondered at, if it 
be remembered that the following is tlie method in which the ex* 
periment is made. The glass under examination is held in a tongs, 
along with another glass, o[mque or nearly so, which gives out hght 
of the ordinary descnption They are heated together in the same 
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field of heat, and then viewed in the dark as they cool During 
this process the tint of each clianges, becoming somewhat redder 
as the temperature falls. A difference m the temperature of the 
two glasses might therefore cloak or even reverse the peculiar diffSer- 
enoe of tint which it is sought to establish, unless this is very 
marked This difficulty would be got over if we could by any means 
compare glasses of different tints at precisely the same temperature 
in the dark together, but 1 have not yet succeeded in contriving an 
apparatus for this purpose. 

With respect to glasses that whiten the fire when used as screens, 
these all, without exception, as far as I have tned, give out a red 
description of light, and this is peculiarly remarkable m some hght- 
greeti glasses 

The following circumstance renders some glasses unfit for expen- 
ment They absorb nearly all the red light of low temperature, 
and it is only when the light rises to a white that a notable propor¬ 
tion is allowed to pass Now if the law be true that the radiation 
IS equal to the absorption, these glasses should, at a low red beat, 
give out nearly the whole hght belongmg to their temperature, the 
same as if they were opaque It is only therefore when we raise 
the temperature that we oan expect any result m the way of pecu- 
hanty of tint, for it is only then that the glasses, as screens, allow 
a notable proportion of light to pass, and that of a peculiar cha¬ 
racter , but the glass has now assumed a pasty condition, which 
renders it unfit to work with. Those glasses, Aerefore, are to be 
preferred that allow a considerable proportion of all the kmds of 
hght to pass * for, jnst as m heat the radiation is most peculiar m 
rock-salt, which absorbs but httle heat, so in hght the best results 
are obtained by glasses that absorb only a small proportion of the 
hg^t that falls upon them As a proof of this, 1 may mention that 
difference of tint is very noticeable in the process of spinmog threads 
of coloured glass. The heated red glass thread has, when being 
spun, a pale green hue, while the green*glass thread has, under the 
same mrcmnstonces, a decidedly reddish appearance. These threads 
do not absorb much hght, but what they do absorb is of a peculiaT 
kmd. 

It has been mentioned that a screen of g^s is peculiarly opaque 
for heat from glass; but if the side of the radiating plate fu^est 
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from the screen be coated with lamp-black, its heat now passes 
the glass screen as readily as ordinary heat of that temperature 
A similar fact is noticeable with regard to light A red glass, 
which, when heated and viewed in the dark, gives out a greenish 
light, while ill the fire scarcely appears to differ in tint from ilte 
surrounding coals, and the same fact holds for all coloured glasses 
Ultimately they all appear to lose their colour in the fire os they ap¬ 
proach in temperature the coals around them This may be ex¬ 
plained thus —the red glass, for instance, still gives out its greenish 
light, but it passes red light from the coals behmd it, m such a 
manner that the hght which it radiates precisely makes up for that 
which it absorbs, so that we have virtually a coal radiation coming 
partly and partly through the glass 

Let us now consider Prevost*B theory with regard to bodies of 
indcfimte thickness One of its consequences was experimentally 
discovered by Leslie, viz that metals which arc good refiectors of 
heat are very bad radiators As a \anety of this experiment, I have 
endeavoured to show that a powdered diathermanous body will 
radiate less than bodies which are opaque for heat, powdered Thus, 
if a plate of table-salt have one side blackened, the white side will 
radiate only 83 per cent of that which the blackened side radiates 
at the temperature of 312^ F No such difference is observed m 
sugar, which, though white for light, is black for heat of 212^ 

Wo have here also similar facts with regard to hght If a pot of 
red-hot lead or tm be carried to the dark, and the dross scummed 
aside by means of a red-hot iron ladle, the liquid metal momentarily 
disclosed wdl appear less luminous than the surrounding dross, the 
difference being more observable in the case of tin, which has a 
higher reflecting poaer than lead Also, if a piece of platinum, 
partly pgliahed and partly tarnished, bo held above a flame in a dark 
room, the tarnished portion will shine much more brilliantly than 
the polished* Again, if we take a china cup with a white and black 
pattern, and heat it to a white heat m the fire, while there we shall 
not perceive much difference between the white and black of the 
pattern, but, if we bring it into a dark room, wo shall perceive the 
black to shine much more brilliantly than the white This reversd 
of the pattern presents a very canons appearance. 

Fmally, it » a consequence of Prevost’a theory and an expen- 
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meutal &ct, that opaque bodiea* generally speaking, radiate the same 
descnptiou of heat at the same temperature In like manner, the 
light which they radiate is of the some descnption at the same tem¬ 
perature , one body is not red while a second is yellow and a third 
white, but they are all either red or yellow, or white together 
An analogy has thus been established between radiant heat and 
light m oertam of their properties Now two opinions have been en- 
tertamed with regard to light — 

Ist. Some have regarded it os differing from radiant heat only in 
wave length 

2ud Others have regarded the two as physically distinct, although 
possessing many properties in common It has even been thought 
that some kinds of light have no heating effect on the bodies on 
which they fall 

1 cannot but think that the facts just stated countenance the 
former opmion rather than the latter for Provost's theory consists 
of the three following hypotheses — 

1 st That if an enclosure of any kmd be kept at a uniform tern* 
porature, any body placed within the enclosure, and surrounded by 
it on all Bides, will ultimately attain that temperature. 

2nd That all bodies are constantly givug out radiant heat, at a 
rate depending upon their substance and temperature, but mdopendent 
of the substance or temperature of the bodies that surround them. 

3rd. And, consequently, tliat when a body is kept at a uniform 
temperature, it receives back just as much heat as it gives out. 

From these three assumptions may be deduced all the facts that 
have been stated with regard to radiant heat, but m the argument 
it IB essential that the rays under consideration sliall have the pro¬ 
perty of heatmg the bodies on which they fall, and by which tixey 
are absorbed If this be not grouted the argument fai^. Now 
radiant light, or those rays only that affect the retina, have been 
found to poasesa properties analogous to those which radiant heat 
thus possesses in virtue of its departure lowenng the temperature of 
the body which it leaves, and its absorption raising that ^ the body 
on whu^ It falls. If, therefore, we suppose all kmds of radiant 
hght to have the property of roiaing (howevbr htUe) the temperatuia 
of the body by which they are absorbed, the facto that have been 
stated m this paper regarding hght may be shown to be a natural 
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consequence of Prevost’i theory of exchanges, but if, on the other 
^hand, wo do not admit that all the kinds of radiant hght given out 
by heated bodies possess this property, then m that cose those facts 
cannot be explained by Prevost’s theory, but they will require a new 
theory to account for them 

This circumstance induces me to think that all the descriptions of 
hght radiated by heated bodies have the power of hcatmg, more or 
less, those bodies by which they arc absorbed. Viewing the matter 
in this hght, I have constructed the following Table, m which the 
logical consequences of Prevost’s theory are stated in the first 
column, while opposite these m the second column are detailed the 
different experiments which they serve to explain 

Table of the coneeqaencee of Treme^e theory^ and the facte tcAicA 
they explain 

Consequences of Provost's theory Facts which these consequences explain. 

Rock-salt which absorbs little heat 
of 212° F, gives out little, while glass, 
which absorbs much, gives out much 
The heat radiated by rock-salt has 
great difficulty in passing through a 
screen of rock-salt^be heat radiated 
hy glass in pasBug through a screen of 
glsss 

Colourless glass, when heated, gives 
out little hght, oiuu)ue glass a great deal 
Red glass, which absorbs the greenish 
rays, gives out greenish rays; while green 
glass, which absorbs tlie red nys, gives 
out red rays. 

When a plate of glass is coated on lU 
further side with lamp-black, its heat is 
the same as lamp-black heat 
All coloured gUsaea appear to lose 
their colour in the fire 
Metals radiate little, both of heatand 
hght. Table-salt, which ia white for 
heat of 212°, radiates leu than sugar, 
which IS black When a black and white 
china cup ia heated in the fire and held 
in the dark, the black of the pattern u 
.more luminous than the white 


The radiation of a thin plate or jiar- 
(icle is equal to its absorption, and that 
for every description of beat—that» to' 
say, itt quahty as well as in quantity 


Those opaque bodiai which refieot 
most, radiate least. Opaque bodies ge- 
nerally give out the same kind of rays* 
at the same temperature these words 
alio express the known fbet 
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In condunon, I may be pemitted to remark regarding theae laws 
of light, that from their simple nature some of them may have beeiv 
observed before, but I thmk they are now for the first time con¬ 
nected with a theory of radiation. 

Supplement (added March 7t 1860)—Since writing the above, 
the law which asserts that the absorption of a thin plate or particle 
is proportional to its radiation for every description of hgbt, has 
received a very beautiful confirmation 

In the Philosophical Magazine for this month, pages 194-106, 
Professor Stokes has noticed some very mtcrcsting experiments of 
M. Foucault, and also of Professor Kirchhoif M Foucault finds as 
the result of his experiments, that the voltaic arc formed between 
charcoal poles presents us with a medium which emits the ray 1) of 
the solar spectrum on its own account, and which at the same time 
absorbs it when it comes from another quarter Professor Kirchhoif, 
again, finds as the result of his expenments on the spectra of coloured 
flames, that coloured flames, m the s|>ectra of which bright sharp 
lines present themselves, so weaken rays of the colour of these hnes, 
when such rays pass through the flames, that, in place of the bright 
lines, dark ones appear as soon as there is brought behind the flame 
a source of hght of sufficient intensity, m the spectrum of wbch these 
hues are otherwise wanting.** 

We thus see that the same media which in a heated state emit 

rays of a certain refrangibihty in great abundance, have also the 

property of stopping these very rays when they fall upon them from 

another quarter, or, in other words, their absorption of such rays is 

proportumal to their radiation of them. 

¥ 

Stfgpplmmt (added Mardi 8, 18G0) —The following fttet noticed 
bjr Profeaaor Kirohhoff u alao m accordance with the theoiy brought 
forward in thu paper 

'*The apeetram of the Drummond he remarke, ''containa, 
aa a general rule, the two bright lines D, if the luminous spot of the 
cylinder of hme has not long been exposed to the white heat, if the 
oylmder remains unmoved these lines become weaker, andfinallyvanidi 
altogether. If th^ have vanuhed, or only fiuntly appear, an atotfod 
flame uto which salt has been put, and whudi it placed between 
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the cyhnder of lime and the sUt, causes two dark lines of remarkable 
sharpness and fineness to show themselves in their stead, but the 
Drummond hght requires^ m order that the hues D should come out 
in It dark» a salt-flame of lower temperature The flame of alcohol 
containing water is fitted for this, but the flame of Bunsen’s gas-lamp 
IS not With the latter the smallest mixture of common salt, as 
soon as it makes itself generally perceptible, causes the bright hues 
of sodium to show themselTes ” 

Now, when we heat a piece of ruby glass m the fire, we have an 
analogous phenomenon As long as the ruby glass is of a lower 
temperature than the coals behmd it, the light given out is of a red 
description, because the ruby glass stops the green * the green hero 
IS precisely analogous therefore to the line D, which is stopped by an 
alcohol flame into which salt has been put Should, however, the 
ruby glass be of a much higher temperature than the coals behind it, 
the greenish hght which it radiates overpowers the red which it 
transmits, so that the light which reaches the eye is green more than 
red. This is precisely analogous to what is observed when a Bunsen’s 
gas-lamp with a htUe salt is placed before the Drummond light, when 
the line D is no longer dark but bnght. 

In fact, the law, ** the absorption of a particle is equal to its radia¬ 
tion, and that for every kmd of hght,” only applies to the case where 
the temperature of the particle is equal to that of the source of the 
hght which passes through the particle If the temperature of the 
source of light be greater, one quality of light will predominate, if, 
on the other hand, the temperature of the particle be greater, another 
quality of hght will predominate. 

III. ** On the Luminous Discharge of Voltaic Batteries, when 
examined m Carbonic Acid Vacua/' By J P. Gassiot, 
Esq., F E.S. Received February 6, 1860. 

On the 24th of May, 1659 (Proceedings, May 26, 1859), I com¬ 
municated to the Royal Society a short notice of my having obtained 
the stratified discharge from a voltaic batteiy of 3520 elements 
charged with ram-water, and also with one of 400 elements charged 
with mtnc and sulphuric acids, each cell of both batteries being 
insulated)*-*! stated also that with the latter (os 1 had previ- 
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ously shown with the fomer) spark discharges passed between two 
terminal copper plates through the air, before the completion of the 
ctrcoit 

The well-known luminous arc in air, as is usually obtained from 
an extended senes of the nitnc*acid battery, was very brilliant, but 
flrom the small size of the porous colls (J inches long, j inch broad) 
containing the mtnc acid, it was only tried by a momentary action 
With the water-battery 1 have never been able to obtain a continuous 
discharge m air similar to the voltaic arc, whether from points or 
plates, the discharges from this battery are invanably in the form of 
minute clearly defined, and separated sparks 

Although the water-battery consisted of nearly nine times os many 
metalbc elements as the mtnc-acid batterv, it exhibited by the gold- 
leaf electroscope very httle increased signs of tension 
This ism accordance with the results obtained by mem 1844, when 
1 showed that the tension of a single cell increased in force according 
to the dienucal energy of the exciting liquid ** In oil the experi¬ 
ments I made, the higher the chemical affinities of the elements used, 
the greaterwas the developnientof evidence of tension'* (Plulosophical 
Transaotious, 1844, part 1 p 52) 

Recently, through the kind introduction of Professor Wheatstone, 
1 have had an opportunity of oxpenmeuting with 512 senes of 
Danteirs constant batteiy, and my present object u to present to the 
Royal Society a short account of the results 1 have obtained, and to 
describe the appearance and character of the voltaic discharge of 
these several batteries when taken in vacua. 

The vacuum-tubes 1 used were prepared by means of carbonic acid 
(PhiloBopbical Transactions, 1859, part 1. p 137) For the sake of 
reference I will denote Uiese by the original uumbers which 1 am 
accustomed to attach os the vacua are completed the following 
experiments these were 146, 187, ipo, 196, 202, and 219. 

No. 146 18 24 inches long and 18 mches in mrcumference^ and has 
a copper disc 4 inches diameter at one terminal and a brass wire at 
the other, this vessel is figured in my last communication. No 187 
and 196 (see fig. 1) are each about 6 mches bng and 1 inch 
diameter, witii gas-coke balls | inch diameter, attached to the 
hennelically scaled platmum wires, the wires being protected by g^is 
tubmg as far as the balls, placed inside the tube 3 inches opart. 
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Fig 1 







No 190 has brass wires, and No 202 silver wires attached to the 
platinum both these tubes arc of the same dimensions as No 187 
and 19G (tig 2) No 219 is 4 inches long, has gas-coke balls of 




Fig 2 



about -j^th of an inch m diameter, and 1 inch apart the caustic 
potash originally attached to this tube has been sealed off, theybm 
IS shown in fig 3 

Fig 3 



With the mductive coil tlie iLscharge in 146 exhibits a large cloud- 
hke luminosity on the plate, which in these experiments was always 
made the negative terminal On the positive wire, mmnte luminous 
spots were visible At intervals, apparently by some sadden energetic 
action, flashes of bright stratified light would dart through the 
vacuum, but by carefully adjustmg the contact breaker, the discharge 
could be made to pass, producing a white glow on the negative plate, 
without to the affording any appearance of an intermittent 
discharge. 

In 187 and 19fl the stratifications were narrow from the positive 
terminal, the negative ball being surrounded with a narrow halo of 
light snmior to that in fig. 1 A, but smaller In 190 there was a»d 
tinge on the doud-hke discharge near the positive terminal, on the 
approach of a magnet, two or three additional clouds were brought 
out, the negative wire bebg covered with a luminous glow extendmg 
to the Bides of the tube imrallel to the end of the negative wire 
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202 exhibited a remarkably well-defined cloud-hke discharge, the 
several clouds being clearly and distinctly separated. In 219, the 
appearance of the discharge in this tube was similar to that in fig 3 A, 

Fig 3 A 

_I- 


o 


With a particularly brilliant glow around the negative ball, but without 
any stratifications from the positive 
Having thus described the appearances of the induced discharge m 
these tubes, I now proceed to the descnption of expenments made 
m the same vacua,—lat, with the water-battery of 3520 cells, 2ndly, 
with the 512 senes of Danicirs constant battery, and lastly, with 400 
series of Grove’s lutnc acid battery 
With the water-battery, as I have stated in my previous commu¬ 
nication, the stratified dischaige, similar in character to that of the 
inductive cod, was obtained, not only in 146 and the other tubes, 
but also through 146 and any one of the others at the same time. 

From the risk of fracture, I have not ventured agam to heat the 
potash m 146, but I have invanably found that whenever the potash 
in any of the other tubes was heated, the discharge firom the water* 
battery, instead of increasing m distinctueas and bnllianqr, entirely 
ceased. 

The discharge from the water-battery through each of the tubes 
had the appearance of being contmuous, and the needle of the 
galvanometer, placed on the mrcuit, showed a steady deflection. 
To test whether the discharge was continuous, 1 attached No. 219 to 
my rotating apparatus (Philosophical Transactions, 1859, part 1. 
p 158); the discharges were then clearly separated, so that even 
with this apparatus th^ were shown to be intermittent 
As the water m the battery, after a lapse of some weeks, had 
partially evaporated, the action was so reduced that ilr would no longer 
pass tibroogh any of the vacuum-tubes except 219, in whudi it 
assumed the appearance as m fig. 3 B In this state it remained for 

three or fonrweeks,andwhenever from change of tempenturemmstnie 
was deposited on the surfluse of the glass tubesi, the lummous ^abharge 
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Fig SB 



disappeared when tlie tubes were touched by the liand or by a wire, 
reappearing os the hand or wire was withdrawn A portion of the 
discharge from this battery was evidently lost by insufficient insulation, 
reduced by accumulated dust and moisture 1 have not the requisite 
facilities at command, but a thoroughly well-insulated battery of 3000 
or 4000 scries would produce effects well wortliy of examination 

hanieW^ Constant Battery 

On the 27th of December, 1S59, by the introduction of Professor 
Wlientstone, 1 had the opportumty of experimenting with the large 
battery belonging to the Telegraph Company at its Factory, Camden 
Town, Messrs Wheatstone. Latimer Clarke, and Bartholomew were 
present. My object was to ascertain whether a luminous discharge 
could be obtained through the vacuum-tubes from the battery, which 
consists of 512 senes of Danicirs elements, zinc and copper. The 
zino plates ore 2 by 3| uiches, the copper 3 j by 3^ inches, the cells 
are insulated in senes of 10 and 12, suspended on trays by gutta-percha 
bands. 1 experimented with three ofmyvacuum-tubes, Nos. 187» 196, 
and 219, with 187 and 196, no sign of any luminous discharge could 
be observed, the electroscopes (Peltier's and a gold-leaf), by the 
tension, showed that the current did not pass 

With 219 the bnlliaut glow around the negative ball, aa u shown 
in the same tube by the induction coil, was visible with very tnfling 
luminosity on the positive I have attempted to show this appearance 
m 6g 3 A 

Vanous lengths, viz. 110 yards, 1, 2, 4, 8 and 16 miles of covered 
copper wire, the 110 yards covered with india-rubber, and the other 
lengths with guttfr-percha, ore kept immersed in a water-tank for the 
purpoaeof experiments at the factory, an opportumty was therefore 
offered of testing the action of the battery on these wires by means 
of vacuum-tnbes. This immersed wire is designated the cables acting 
in this respect in a manner analogous to submanne wires. 



The general resultB obtained, and repeatedly verified, may be 
briefly stated as follows *—From the 110 yards to the greatest length 
of 16 miles, it took from half to one and one quarter of a second for 
the cable to receive as much of the charge of the whole battery as 
could pass through the vacaum-tabes 219, the time being denoted 
by the appearance of the luminosity in the negative ball (see fig 3 A) 
With no yards the discharge of a charge previously given to the 
cable was instantaneous, it appeared to be nearly momentary with 
one mile, and the time then progressively mcreased according to the 
length of the cable previously charged, until with the 16 miles it 
took one and a quarter to one and a half seconds before thelnmmous 
glow on the ball in the vacuum-tube disappdkred 

It was beautiful to see the regularity with which the glow appeared 
and disappeared in these experiments, first at one terminal and then 
at the other, according as the cable was charged or discharged 
After the cable had received the discharge to the greatest intensity 
that could be obtained through the tube 219, the flill cliarge of the 
battery was then completed by catting off the tube from the circuit 
by tneans of a wire On removing the wire, and substituting the 
earth for the batteiy, a discharge took place, but a residuary charge 
was always found, which could not pass through the vacuum. If 
this residuary was allowed to remain in the cable, and the battery 
agam substituted for the earth, no additional charge could be made 
to pass firom the battery through the vacuum-tube, but so soon as 
this residuary was discharged, the cable agam became charged 
through the tube as before*. 

We were particularly fortunate with these experiments, for on 
Mr. Wheatstone testing the capability or power of the batteiy, he as¬ 
certained that on taking from it only 32 cells, thusreducmg the num¬ 
ber to 4S0, the discharge could not pass through the vacuum-tube. 

* If one of the wires of the vacuum-tube No 219 ia connected with the inner 
coating of a Leyden jar, and the other with the prime eondnotor of an Meetrioal 
machine, when tiio machine la excited a luminona glow will be obaerved round 
one of the balU, similar to that obtained during the charging of the cable by the 
voltaic battery, and the jar will become gradually charged. On the excitation of 
the etectncal machine being stopped, if a point^ wire u presented to the prime 
oouduotOT, the jar will be gradually discharged^ and the Iniabioin glow appears 
on the of Aar hall of the vacuum tube, tf levcFal timUtr tubea am amngid in 
lenes, and the jar is discharged through longer carbouio-seid vteua, the atrim 
can be obtained in the latter 
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Each set of plements in the battery v/ere inserted in a glass ves¬ 
sel witli a stem 6 inches long, the stems were carefully cleaned and 
dried These precautions^ with the high chemical affinity of the 
tlementSt raised the tension of each terminal, os denoted by gold 
leaf electroscopes, to nearly that of the larger senes of the water- 
battery A succession of spark-discharges could be taken between 
the copper discs of my micrometer-electrometer one disc being 
attached to the sine, and the other to the platimim end of the 
battery 

In the following experiments, the different vacuum-tubes were 
introduced between one of the copper discs and the battery, as also 
a galvanometer By this arrangement the circuit could be gradually 
completed without any risk of disarranging the apparatus, and the 
spark discharged obtained before the copper discs of the micro¬ 
meter-electrometer came into contact 

** In 146, on the completion of the current, the discharge of the 
battery passed with a display of maguifieeiit strata of most dazzling 
bnghtnesB On separating the discs by means of a micrometer 
screw, the lummous discharges presented the same appearance as 
when taken from an induction coil, but brighter Ou the copper 
plate in the vessel there was a white layer, and then a dark space 
about one inch brood, then a bluish atmosphere, curved like the 
plate, evidently three negative envelopes on a great scale When 
the plate was positive, the effect was comparatively feeble.” llie 
preceding is an extract from notes made by the Rev Dr T. B llo- 
binson, when he first witnessed the experiments in my laboratory, 
on the 5th of August, 1859 With the same vacuum I have 
always obtained similar results * 

lnl87and 196 (fig 1, with carbon-balls in the tubes) the discharge 
of the Ditno-acid battery elicits intense heat, and probably changes 
the condition of the vacuum. On the 5th of August, 1859, ** the 
discharge in 187 presented a stream of hght of intolerable briglitncss 
[I flgom quote from Dr. Robinson's notes], in which, through the 
plate of green glani^ with which he observed the phenomena, strata 
could be observed. This soon changed to a sphere of hght on the 
positive ball, which became red-hot, the negaUve being surrounded 
by magnificent envelopes, whilst with the horseshoe magnet the 
vot X. 2 r 
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positive light was drawu out into strata The needle of a galvano¬ 
meter in circuit was violently deflected, and the polarity reversed, 
setthng at a deflection of 45^ On heating the potassa, the dis¬ 
charge agam bursts into a sun-hko flame, subsequently subsidmg 
into three or four large strata, of a cloud-like shape, but intensely 
bright ” 

On a subsequent occasion 1 found that the discharge did not pass 
for about a minute afVer the circuit was completed, when a fine glow 
appeared on the megatire ball, fig 1 A Around the positive ball 


Fig 1 A 



there was a trifling glow, in a few seconds a momentary brilliant 
flash, and the discharge ceased The potash was then again heated, 
the large negative glow reappeared, followed almost mstantly by a 
remarkably bnlUant stratified discharge, with mtense chemical action 
in the battery, denoted by the evolution of nitrous fumes, at this 
moment 1 separated the discs of the micrometer-electrometer, and thus 
broke the circuit 

1 now arranged the apparatus by attaching gold-loaf electroscopes 
to both terminals, and introduced the galvanometer, so as to enable 
me to examine more carefully the action that would take place when 
the potassa was heated On heating the potassa, the fine negative 
(fig« 1 A) was again developed, the leaves of the electroscope did 
not close, but as the negative glow increased, the needle of the 
galvanometer was deflected, immediately (although the glow 

continued) returmng to xero, as more heat was applied a small globe 
of light appeared on the positive (fig 1 B), was visible, and the 


Fig 1 B 



needle gfaduMy deflected 40^ or 50° On withdrawing the lampi 
as the potash cooled, the poritive glow disappeared, the needle of 
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the galvanometer receded* the glow on the negative remiumug more 
or less bnOiant * this action and reaction alternating as the heat of the 
lamp was applied or withdrawn from the potash 

When the heating of the potash was further increased* four or five 
cloud-like and remarkably clear strata came out from the positive 
(dg I C) * and these were quickly followed by a sudden discharge 

Fir 1C 

^_ 1 ^ 




of the most doasling brightness* which remained for several seconds. 
The stratidcationB* which were corneal in shape* I have endeavoured* 
idthough very faintly, to depict m fig ID The needle of the gal- 

Fig ID 

_±j_1- 




vanometerwas suddenly and violently deflected* striking with consider¬ 
able force the two corks placed to protect it ou the compass card 
At the instant this discharge took place, and not before* the leaves of 
the electroscopes collapsed This* witli the intense chemical action ob¬ 
servable m the battery* proved that the entire current was passing 
The preceding experiment was repeated with tube No. 196* with 
nearly the same results, the needle first deflecting 40^ and then 80^, 
On further heating the tube* the same sudden intense stratified light 
appeared, after which the disohiwge ceased. 

No 187 was then replaced m the circait* and the same phenomena, 
as already described* were obtained 
I now again avail myself of Dr Robinson’s notes of the experi¬ 
ments made on the 5th of August Tube 190 » of the same dimen- 
iiOEiB as 187 and 196, but instead of the coke balls* it has brass 
wires attodied to the platinum In this tube (190) the luminotis 
disdharge did not appear until the caustic potassa was heated* when 
most dasding strata were observed. Dr Robinson says*—** I had 

2r2 
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to UBC a dark-green glass to examine the strata« as 1 was observing, 
the last strata rolled leisurely away, like a globe of hght, from the 
others, to the negative glow, in which it appeared to dissolve As 
the potassa cooled, the strata shrank up and dissolved at the positive 
wire, as did the glow, and when the dark negative reached the 
point, all luminosity ceased ** 

On a subsequent occasion the first discharge iii the tube (190) 
exhibited a fine purple negative glow, with two tawny cloud-hke stra¬ 
tifications at the positive This discharge exhibited the fluorescence 
of the glass tube in a remarkable manner. The circuit was then 
broken, on again completing it, 1 was somewhat surprised at 
finding the lununous discharge was no longer perceptible 1 then 
slightly heated the tube with a spirit lamp, the stratified discharge 
reappeared, the needle of the galvanometer deflected about 65", 
but the leaves of the electroscopes were very slightly affected 
On separating the plates of the nucrometer electrometer, sparks 
passed , the stratifications m 190 became confused, intermingling with 
each other, and no longer presenting that clearness of definition 
which 1 have described. 

With tube 202, which is of the same dimensions, with silver m 
heu of brass terminal wires, there was not any discharge from the 
battery until the potash was heated At first it presented a fine 
white glow on the negative wire, then one of a tawny red colour on 
the positive, and on heat being applied, stratifications, as in 190, 
were observed 

The battery was then connected to the wires of tube 219, the same 
with which the expenments with Damn's battery were made. This 
showed the luminous negative as in fig 3 A, but more bnlbant than 
with the constant battery, producing bnght scantiUatiQiis at the 
positive, as if particles of the carbon were fused and thrown off. 

By the preceding expenments, I ascertained that a disruptive or 
spark-ducharge could be obtained in air from the mtnc-acid, as well 
as firom the water-batteiy, and that when these discharges were 
passed through the highly attenuated matter contained m carbonic 
acid vacua, the some iummous and stratified appearance was pro¬ 
duced as by an inductive coil, a proof that whatever may he the 
cause of the phenomena, it could not arise from any peculiar action 
of that apparatus 
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With the ordinary arrangement of the voltaic battery, in which 
the insulation of the cells is disregarded, the luminous discharge is 
usually obtained by completing the circuit, and then separating the 
ternimal wires or the charcoal points, the length of the arc being ui 
relation to the number of the elements of the battery 

With the water-battery I have never been able to obtain the 
slightest appearance of an arc-discharge, for whether the teiminala 
of the battery were the plates of my micrometer-electrometer, me¬ 
tallic wires, or charcoal, the result was the same, vis clearly sepa¬ 
rated and distinct sparks, which continued until the water m tlic 
cells had nearly evaporated With four hundred (each cell being 
insulated) of Grove’s mtric-aeid battery, similar spnrk-dischargcs were 
obtained between the plates of my micrometer-electrometer, without 
producing the voltaic arc, although by n momentary completion of 
the circuit it was obtained with great brilliancy 

In carbonic acid incuum-tubes, and particularly in those in which 
carbon-balls were inserted, the disruptive, as well as the voltaic arc 
discharge (under the conditions described) was obtained from the 
nitnc-acid battery, and in both instances the stratified appearance 
was observed, the difiPerence being, that with the arc-diseharge the 
stratifications were far more vmd and bnihant, and the discharge 
itself evidently more energetic With the disruptive discharge, the 
needle of the galvanometer was but slightly deflected, nor could any 
apparent chemical action be observed in the battery, but instantly 
on the production of the arc-discharge, tlie needle of the galvano¬ 
meter was strongly deflected, and in all the cells of the battery it 
was evident that mtense chemical action had been produced 
If carbon-ballB are attached to the wires of a carbonic acid vacuum- 
tube, the arc-discharge is obtained from a rntrio-acid battery when¬ 
ever the potash is heated* Thu process facihtates the discharge, 
and assists the disintegration of the carbon particles, and these in a 
minute state of division are subsequently found attached to the sides 
of the glass It u these particles which produce the arc ducharge, 
with Its intense vivid light so suddenly observed, with far more bril¬ 
liant effects than the usual stratified discharge During its passage 
the conducting power of the vacuum-tube is found to lie greatly 
enhanced, as shown by the galvanometer, the electroscope, and the 
intense chemical action in the battery. 
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The satne explanation that I ventured to offer in the Bakerian 
Lecture for 1858, as to the cause of the stratified discharge arising 
from the impulses of a force acting on highly attenuated but resist¬ 
ing media, is also appbcahle to the discharge of the voltaic battery 
in vacua, while the fact of this dischaige, even its full intensity 
having been now ascertained to be also stratified, leads me to the 
conclusion, that the ordinary discharge of the voltaic battery, under 
every condition, is not continuous, but mtermittcnt, that it consists 
of a senes of pulsations or vibrations of greater or lesser velocity, 
according to the resistance in the chemical or metallic elements of 
the battery, or the conducting media through which the discharge 
passes 


March 22, 1860 

Sir BENJAMIN C. BllODIE, Bart, President, m the Chair 

In accordance with the notice given at the last meeting, the Right 
Honourable Edward, Lord Helper, was proposed for immediate 
ballot, and the ballot having l>een taken, his Lordship was dedared 
duly elected. 

The following commumcations were read — 

I On the Theory of Compound Colours, and the Relations of 
the Colours of the Spectrum." By J. Clerk Maxwell, 
Esq., Professor of Natural Philosophy, Marischal College 
and University, Aberdeen Communicated by Professor 
Stokes, Sec. R^. Received December 27,1869. 

(Abstract) 

Newton (m his ‘Optics/ Book I part u prop 6) has indicated a 
method of exhibiting the relations of colour, and of calcnlaUng the 
effects of any mixture of colours Ho conceives the colours of the 
spectrum arranged in the circumference of a circle, and the circle so 
pamted that every radius exhibits a gradation of colour, from some 
pure colour of the spectrum at the circumference, to neutral tint at 
the centre The resultant of any mixture of colours u then found 



by placuig at the pomts comBponding to these colours, weights 
proportional to their intensities» then the resultant colour will be 
found at the centre of gravity, and its intensity will be the sum of 
the intensities of the oomitonents. 

From the mathematical development of the theory of Newton’s 
diagram, it appears that if the positions of any three colours be 
assumed on the diagram, and certain mtensities of these adopted as 
units, then the position of every other colour may be laid down from 
Its observed relation to these three Hence Newton's assumption 
that the colours of the spectrum are disposed in a certain manner lu 
the circumference of a circle, unless confirmed by experiment, must 
be regarded as merely a rough conjecture, intended as an illustration 
of his method, but not asserted as mathematically exact From tlie 
results of the present investigation, it appears that the colours of the 
spectrum, as laid down accordmg to Newton’s method from actual 
observation, he, not in the^ circumference of a circle, but in the 
periphery of a triangle, showing that all the colours of the spectrum 
may be ehromattcally represented by three, which form the angles of 
this triangle 

Wsve-length in mUhonths of Paris inch 
Scarlet 2328, about one-third from Une C to D , 

Green 1914, about onc-quartcr from £ to F , 

Blue 1 71 7b about half-way from F to G 

The theoiy of three primary colours has been often proposed as 
an interpretation of the phenomena of compound colours, but the 
relation of these colours to the colours of the spectrum does not 
seem to have been distinctly understood till Dr Young (Lectures on 
Natural Philosophy, Kelland’s edition, p 345) enunciated his tbeoiy 
of three pnmary sensations of colour which are excited in different 
proportions when different kinds of bght enter the organ of vision. 
According to this theory, the threefold character of colour, as perceived 
by us, 18 due, not to a threefold composition of hght, but to the 
constitution of the visual apparatus which renders it capable of being 
affected in three different ways, the relative amount of each sensation 
being determined by the nature of the incident light If we could 
exhibit three colours correspoudmg to the three pnmary sensations, 
each colour exciting one and one only of these sensations, then amce 
all other colours whatever must exmtp more than one primary sepsa- 
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tion, they must find their places in Newton's <liagram within the 
tnaugle of which the three primary colours are the angles 

Hence if Young’s theoiy is true, the complete diagram of all colour, 
as perceived by the human cyo, will have the form of a tnaugle 
The colours corresponding to the pure rays of the spectrum must 
all ho within this triangle, and all colours m nature, being mixtures 
of these, must lie within the hue formed by the spectnini li 
therefore any colours of the spectrum correspond to the three pure 
pnmaiy sensations, they will be found at the angles of the tnangle, 
and all the other colours will he within the triangle 
The other colours of tlie spectrum, though excited by nucom- 
pounded light, arc compound colours, because the light, though 
simjile, has the power of exciting two or more coloiir-sensations in 
different proportions, as, for instance, a bhic-grecn ray, though not 
compounded of blue rays and green ra) s, produces a sensation com* 
pounded of those of blue and green 
The three colours found by experiment to form the three angles 
of the tnangle formed by the spectrum on Newton's diagram, may 
correspond to the three pnmary sensations 

A different geometneal refiresentation of the relations of colour 
may be thus desenbed Take any point not in the plane of Newton's 
diagram, draw a line from tins point as origin through the point 
representing a given colour on the plane, and produce them so that 
the length of the hue may he to the part cut off by the plane as the 
intensity of the gnen colour is to that ot the corresponding point on 
Newton’s diagram In this way any colour may be represented by 
a Imo drawn from the origin whose direction mdicates the quality of 
the colour, and whoso length depends upon its intensity The 
resultant of two colouvs is represented by the diagonal of the paral¬ 
lelogram formed on the hnes representing the colours (see Prof 
Grammann m Phil Mag April 1854) 

Taking three Imes drawn from the origin through the points of 
the diagram corresponding to tlie three primaries as the axes of 
coordinates, we may express any colour as the resultant of definite 
quantities of eacli of the three pnmanes, and the three elements of 
colour will then be represented by the three dinieusions of space 
The expenments, the results of which are now before the Society* 
were undertaken in order to ascertain the exact relations of the 
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colours of the spectrum as seen by a normal eye, and to lay down 
these relations on Newton’s diagram The method consisted in 
selecting three colours from the spectrum, and mixing these in such 
proportions as to be identical m colour and brightness with a constant 
white light. Having assumed three standard colours, and found the 
quantity of each required to produce the given white, we then find 
the quantities of two of these combined with a fourth colour which 
vnil produce the same white We thus obtain a relation between the 
three standards and the fourth colour, which enables us to lay down 
its position in Newton’s diagram with reference to the three standards 

Any three sufficiently different colours may be chosen as standards, 
and any three points may be assumed as their positions on the 
diagram. The resulting diagram of relations of colour will differ 
according to the way in which we begin, but as every colour-diagram 
IB a pcrsfiective projectiou of any other, it is easy to compare diagrams 
obtained by two different methods 

The instrument employed in these experiments consisted of a dark, 
chamber about 5 feet long, 9 inches broad, and 4 deep, joined to 
another 2 feet long at an angle of about 100” If hght is admitted 
at a narrow slit at the end of tJic shorter chamber, it falls on a lens 
and IS refracted through two prisms in succession, so as to form a 
pure spectrum at the end of the long chamber Here there is 
placed an apparatus consisting of three moveable shts, which can be 
altered lu breadth and position, the position being read off on a 
graduated scale, and the breadth ascertained by inserting a fine 
graduated wedge into the slit till it touches botli sides 

When white light is admitted at the shorter end, light of three 
different kinds is refracted to those three slits When white light is 
admitted at the three slits, light of these three kinds m combination 
16 seen by an eye placed at the sht in the shorter arm of the instru¬ 
ment, By altering the three slits, the colour of this compound hght 
may be changed at pleasure. 

The white light employed was that of a sheet of while paper, placed 
on a board, and illumuiated by the sun’s light in the open air, the 
uistrament being in a room, and the light moderated where the 
observer sits. 

Another portion of the same white light goes down a separate 
compartment of the instrument, and is reflected at a surface of 
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blackened glass, so as to bo seen bj the observer in mmedtaie eoniaei 
with the compound hght which enters the slits and is refracted by 
the pnsms 

Each espenment consists in altering the breadth of the shts till 
the two lights seen by the observer agree both m colour and brightness, 
the eye being allowed time to rest before making any final decision 
In this way the relative places of sixteen kinds of light were found by 
two observers Both agree m finding the positions of the colours to 
he very close to two sides of a tnangle, the extreme colours of the 
spectrum forming doubtful fragments of the third side They differ, 
however, in the intensity with which certain colours affect them, 
especially the greenish blue near the line F, which to one observer is 
remarkably feeble, both when seen singly, and when part of a mixture, 
while to the other, though less intense than the colours in the 
neighbourhood, it is still sufficiently powerfhl to act its part in com¬ 
binations One result of this is, that a combination of this colour 
with red may he made, which appears red to the first observer and 
green to the second, though both have normal eyes as far as ordinary 
colours are concerned 9 and this blindness of the first has reference 
only to rays of a defimte refrangibility, other rays near them, though 
similar in colour, not being deficient m intensity. For an account of 
this peculiarity of the author’s eye, see the Report of the Bntish 
Association for 1856, p 12. 

By the operator attending to the proper illumination of the paper 
by the sun, and the observer taking care of hu eyes, and completmg 
an observation only when they are fresh, very good results can be 
obtained. The compound oolour is then seen m contact with the 
white reflected light, and is not distmguishable from it, either m hue 
or brilliancy, and the average difference of the observed breadth of a 
slit from the mean of the observations does not exceed ^ of the 
breadth of the sht if the observer is careful. It is found, however, 
that the errors m the value of the sum of the three shts are greater 
than they would have been by theory, if the errors of were 
independent; and if the sums and differences of the breadth of two 
shts be taken, the errors of the sums are always found greater than 
tliose of the differences This mdicates that the human eye has a 
more accurate perception of differences of hue than of different of 
illumination 
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Havittg Ascertained the chromatic relations between sixteen colours 
selected from the spectrum, the next step is to ascertain the positions 
of these colours with reierence to Fraunhofer's hues. This is done 
by admitting light into the shorter arm of the instrument through 
the slit which forms the eyehole in the former experiments A pure 
spectrum is then seen at the other end, and the position of the fixed 
lines read off on the graduated scale. In order to determme the wave¬ 
lengths of each kind of light, the incident hght was first refiected 
from A stratum of air too thick to exhibit the colours of Newton’s 
rings The spectrum then exhibited a senes of dark bands, at 
intervals increasiug from the red to the violet The wave-lengths 
corresponding to these form a senes of submultiples of the retarda¬ 
tion , and by counting tlie bands between two of the fixed lines, whose 
wave-lengths have been determined by Fraunhofer, the wave-lengths 
corresponding to all the bauds may be calculated, and as there are 
a great number of bands, the wave-lengths become known at a great 
many different points 

In this way the wave-lengths of the colours compared may be 
ascertained, and the results obtamed by one observer rendered 
comparable with those obtained by another, with different apparatus. 
A portable apparatus, similar to one exhibited to the British 
Assooiatiou in 1856, is now being constructed m order to obtain 
observations made by eyes of different qualities, especially those 
whose vision is dichromic 


II ^‘On the Insulating Properties of Gutta Percha.” By 
Flueuino Jenkin, Esq. Commumcated by Professor 
William Thomson Received February 9,1860 

(Abstract) • 

The experiments desenbed m this paper were undertaken with the 
view of determining the resistance opposed by the guttorpercha 
coating of submarine cables at various temperatures to the passage 
of an electric current 

Tbe experiments were made at the works of R S Newall and Co, 
Birkenhead The relative resistance of the gutta percha at vartous 
temperatures was determined by measuring tbe loss on short lengths 



410 


immersed in water. These expenments are described in the first 
part of the paper. The absolute resistance of gutta peroha has been 
calculated from the loss on long submarine cables. These experi¬ 
ments and calculations are desenbed in the second part of the 
paper. 

Part 1 

The loss of elcctncitj was measured upon three different coils, 
each one knot m length. One was covered with pure gutta pcrcha, 
the two remaining coils were covered with gutta pcrcha and Chai- 
terton’s compound The coils were kept at various temperatures 
by bemg covered with water in a felted tub, and the water was main- 
tamed at a constant temperature for twelve or fourteen hours before 
each experiment 

The loss or current flowing from the metal conductor to earth 
through the gutta-percha coating was measured on a very delicate 
Bine-galvanomcter The loss from the connexions when the cable 
was disconnected, was measured m a similar manner. The electro¬ 
motive force of the battery employed was on each occasion measured 
in the manner desenbod by Pouillet Corrections due to varying 
electromotive force and loss on connexions were made on the result 
of each experiment 

A remarkable and regular decrease m the loss was observed for 
some minutes after the first application of the battery to the cable, 
a phenomenon, which the author thinks may he due to the polanza- 
tion of the molecules of gutta percha, or of the moisture contained 
in the pores of the gutta percha. The loss was therefore measured 
from minute to mmute for five minutes, with each pole of the 
battery. ' 

Nineteen tables containing the results, with the reductions and 
curve^presenting the results, accompany the paper The following 
results were obtamed from the first cod, this was prepared with 
Chatterton’s patent compound. With a negative current between 
the limits of 50° and 60° Fahrenheit, the decrease of resistance is 
sensibly constant for equal increments of temperature, and the 
increaae of resistance due to continued electrification is also nearly 
constant. At 60° the resistance inereases about 20 per cent m five 
minutes from this cause With a positive current, MmilAv results 
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irppear between the temperatures of 50^ and 60 ^, but the resistance 
IS somewliat greater than with the negative current The extra 
resistance due to continued eleclniication is unchanged by a change 
in the sign of the current Above the temperature of 63” great 
irregularities occur in the observations, which could not even be 
included in regular curves The difference lu the resistance of the 
gutta percha coating when the copper is positively and negatively 
electrified, may be caused by the contact between the resinous com¬ 
pound and the copper no such difference was observed when pure 
gutta pcrcha was in contact with the copper 
The carves resulting from the experiments on the second coil, 
which was covered with pure gutta percha, piescnt an entirely dif¬ 
ferent character from those resulting from the first coil The copper 
and gutta pcrcha were of the same size in these two coils The re- 
sistoiKse of pure gutta percha at low temperatures is greater than 
that of the compound covenug At 65° the resistance of the two 
coverings is equal, at higher temperatures the resistance of pure 
gutta percha diminishes extremely rapidly The curves obtained 
with positive and negative currents arc identical up to about 75°, a 
slight difference occurs above this temperature, which may have been 
accidental The extra resistance is less with pure gutta percha than 
With the compound, it increases slightly at high temperatures, and 
IB not affected by a cliange m the sign of the current 
The curves denved from the experiments on the third coil, which 
contained a smaller proportion of Chatterton's compound than the 
first coil, appear in some respects intermediate between tliose denved 
from the first and second coils. The extra resistance due to con¬ 
tinued electnfication was still greater in this coil than in the others 
40 per cent, of the entire resistance is at 70° due to this cause. 
This increase is believed to be due to the greater mass of gutta 
percha used in covering this coil, which was of larger dimensions 
than the two others. 


* Part II 

Professor Thomson has supplied an equation expressing the law 
which connects the resistance of a cyhndncal covenng, such as that 
of a cable, with the resistance of the unit of the material forming the 
covenng 
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Let B be the specific resistance of the matennl, or the resistance 
of a bar one foot long, and one square foot in section, let 6 be the 


resistance of the cylindrical cover of a lengtli of cable L , let 



the ratio of the external to the internal diameter of the covering, 
then 


8 = 


2irLG 



( 1 ) 


The resistance O was cidculated from cables of various lengths, 
lying in iron wells at the works of R S Newall and Co, Birkenhead 
The cables were not wet, but direct experiment proved that cover¬ 
ing a sound iron-covered cable with water has no effect on the loss 
The details of this expcnment are given in the paper 

The resistance G was obtained in the following manner The 
copper conductor of the cable to be tested was arranged so as to form 
a complete meUdlic arc with a battery of 72 cells and a tangent gal¬ 
vanometer . the deflection on this galvanometer was read and entered 
as the continuity test. Deflections were then read on the same gal¬ 
vanometer with the battery and several known resistances in circuit, 
for the purpose of measunng the resistance and electromotive force 
of the battery, in the manner desenbed by Pouillct The deflection 
caused by the loss was next read on a second tangent galvanometer 
the same battery was used This deflection was entered as the insu¬ 
lation test The temperature of the tank contaimng the cable was 
observed by means of a thermometer inserted in a metal tube, ex- 
ten^ng from the circumference into the mass of the coil 

The relative delicacy of the galvanometers was ascertained by 
experiment, or, m other words, the coefBcient was found by which 
the tangents of the deflections of the first were multiplied to render 
them directly comparable with the tangents of the deflections of the 
second galvanometer 

The resistances of the galvanometer coils, of the artificial resistance 
ooils, and of the copper conductor of the cable were measured by 
Wheatstone's differential arrangement, Specul experiments were 
made by means of this differential arratagement to determme the 
change of resistance of the copper conductor in the cable, produced 
by a fdiange of temperature 



The equation (No 2) Rs=r(l+0 00192^) gives the value of the 
resistance R of the copper wire at any temperature ^+a in function 
of the resistance r at any temperature a (Fahrenheit) The length 
and temperature of any coil being known, the resistance of the 
copper wire was thus at once obtained from the resistance of one 
knot at which was very carefully determined 

Now let resistance of cylindrical coatmg 

D=deflection called the contmmty test 
deflection called the insulation test 
C=ooefiiaent expressmg the relative delicacy of the two 
galvanometers. 

BR=resistance of the battery 
T,=: resistance of the coil of first galvanometer 
Ty=: resistance of the coil of second galvanometer 

Tto, 0=g- ‘y . P . -f g (..) 

G having been thus obtained in any desired units, S, the specific 
resistance of the material, can be at once obtained by equation No I, 
which appears from several experiments to give constant values for 
S when calculated from cables of different dimensions In extreme 
cases, however, the influence of extra resistance would render the 
formula defective, especially after continued application of the cur¬ 
rent * thus the resistance of a foot-cube would be very different to 
that of an inch-cube 

The values of G for the covenng of the Red Sea cable, after con¬ 
tinued electnfiCation for penods of one, two, three, four, and five 
minutes, were calculated in Thomson’s Absolute British Umts, firom 
four sets of tests made specially for this purpose on four different 
cables, each about 500 knots long* Tables containing the results of 
these adculations accompany the paper 

A Table is also given of the resistance of the Red Sea covenng 
after one minute’s electnfication, and after five minutes* electrification, 
at eadi degree of temperature, from 5(P to 75° Fahrenheit. This 
TUble was fenned by means of the temperature curves desenbed m 
the first part of the paper s this Table is here annexed (No 1) 

Sunilar Tables were given for the covering of the two expenmental 
coils mentioned m the first part of the paper. The coil composed 



414 


of pure gutta perdia, gave very regular and complete resuitB. An 
abbreviation of the Table is annexed 

It was remarked that in the tests of the cable in the iron tanks, 
the resistsDce after five minutes’ electnfication was invariably 
greater with ainc than with copper to cable, whilst the reverse was 
the case with the single knot covered by water The length of the 
cable, and the condition of immersion or non-immcrsion, have pro¬ 
bably some infiuerice on the phenomenon of extra-rcMistance This 
phenomenon appears to the author to be of much importance, and 
to demand further investigation 

The lalues of G were also calculated from the daily tests of the 
cables dunng manufacture at many temperatures These values 
agreed with those given in the Tables above described* The general 
results of the experiments may be summed up as follows 

The relati\e loss at venous temperatures through pure gutta 
percha has been pretty accurately determined for all ordinary tem¬ 
peratures To a less extent the same knowledge has been gamed 
concerning two other coatings containing Chatterton's compound. 
The latter appears superior at high, and infcnor at low temperatntes. 

Attention has been drawn to the considerably increased resistance 
which follows the continued electrification of gutta peroha and its 
compounds Some of the laws of this extra resistance have been 
determmed, and some suggestions made as to the cause of the 
phenomenon 

The bounds have been pointed out within which formulee may 
be used, which cunsidor gutta percha as a conductor of the same 
nature as metals 

The resistance of^gntta percha has been obtained in units, such as 
are employed to measure the resistance of metals, and by the use of 
Professor Thomson’s formula, the specific resistance of a unit of the 
materud has been fixed with some accuracy 

The resistance of other non-conductors, such as gloss and the 
reams, may probably, by comparison with gutta percha, be obtained 
in the same units* 

Incidentally, the increase of resistance m copper with increased 
temperature has been given from new 'espenments, and it has been 
shown that the utsnlatioii of a sound wire-covered cidile is licde, if at 
all, affected by sabmersion. 
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Finally, tables and fonnulec are given by which the resistance of. 
or the loss through anv new cable coated with giitta pcrcha, may be 
at least approximately estimated — 


Table I 

Specific Reetetance in TKomaofCa VmU of the Red Sea Covenuff at 
varume Temperatures 


Tempnra 

tun 

— 

Slue to c»ble 

1 Copper to cable 

After elootnflcation 
for one minute 

After electnflcfttioi) 
for Avr minutes 

After electnflcatioD 
fur unc minute 

After electriSrtttion 
for Ave nunutee 

60^ 

65 

70 

75 1 

2162x10^7 
1810 X „ 
U60X „ 
1160X „ 

3310X10*7 
2947 X „ 

2178 X „ 

1 / 53 X tf 

2239X10*7 
1720X „ 

1318 X M 

1000 X M 

3405X10*7 
2770 X „ 

2219 X „ 
I739x „ 


Table II 

Specific Reeietance la Thomson's Units of pure Outta Perc^ at 
various Temperatures 


Tempem- 

ture 

Zine to cable I 

Copper to cable 

After elactriAcatlun 
for one minute 

After electrification' 
for five minutea t 

After eleetnflcation 
for one minute 

After electrification 
for five minutes 

50 

4113X]0>’' 

5663X10*7 ! 

4113X10*7 

5663X10*7 

55 

2917 X „ 

3636X „ ! 

2917 X „ 

3616 X „ 

60 

2163X „ 

2549X M 1 

2163 X 

2549 X „ 

65 

1634 X „ 

1858 X ] 

1634 X ,, 

1868 X ,» 

70 

1162 X ,, 

1291X 

1193 X „ 

1291 X 

76 

805 X „ 

877 X 

796x 

866 X M 

80 

566x 

613x 

1 548x „ 

591 X „ 


IIL On Scalar and Clmant Algebraical Coordinate Geometry, 
introducing a new and more general Theory of Analytical 
Geometry, mcludmg the received as a particular case. an4 
explaining imaginary points/ 'intersections/ and 'lines/” 
By Albxandbk J. Ellis. Esq. B A. F C P.S Communicated 
by Abohibald Smith. Esq Received February 16. 1860 

(Abstract) 

Scalar Plane Qecmetry —With O as a centre describe a circle 
with a radius equal to the unit of length Let OA, OB be any two 
VOL X 2 o 
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of itB unit radii, termed ‘ coordinate axes/ From any point F in 
the plane AOB draw PM parallel to BO, so as to cut OA, produced 
either way if necessary, in M Then there will exist some * scalars’ 
(*real* or * possible quantities’) a, e such that OMssu OA, and 
MPbv OB, all lines being considered in respect both to magnitude 
and direction Hence OP, which is the * appcnse ’ or ' geometrical 
sura* of OM and MP, or «OM+MP, will =m OA+r OB By 
Tarying the values of the * coordinate scalars ’ o, P may be made 
io assume any position whatever on the plane of AOB. The angle 
AOB may be taken at pleasure, but greater symmetry is secured by 
choosing 01 and OJ as coordinate axes, where lOJ is a right angle 
descnbed in the right-handed direction. If any number of lines OP, 
OQ, OR, &c, be thus represented, the lengths of the lines PQ, QR, 
&c, and the sines and cosines of the angles lOP, POQ, QQR, &c, can 
be immediately furnished in terms of the unit of length and the 
coordinate scalars. 

If OPbss? . Ol+y. OJ, and any rdation be assigned between the 
values of or and y, such as yn^ or ^ (v, y}^6, then the possible 
positions of P are limited to those m which for any scalar value of x 
there exists a corresponding scalar value of y The ensemble of all 
such positions of P constitutes the *locua* of the two equations, 
vis the 'concrete equation* OPmr Ol+y OJ, and the 'abstract 
equation’ y=/ jr. The peculianty of the piesent theory consists in 
the recognition of these two equations to a curve, of which the 
ordinary theory only fumishcB the latter, and inefficiently replaces 
the former by some convention respectmg the use of the letters, 
whereby the coordmates themselves are not made a part of the 
calculation. 

A variation in either of these two equations will occanon a dif¬ 
ference either in the form or position of their locus If the abstract 
equaiKMi be y=aas+b, where a and b are any scalars, the concrete 
equationOp3=:;r. 0l4-y*0J becomesOFss/p. (Ol+a. 0J)«f6 OJ, 
which shows that OP is the appense of a constant hne, and a Ime in 
a constant direction, and hence its extremis P must he on a hne m 
that direction drawn through the extremity of the constant line 
Also, since the length of OP is times the length of 01, 

the locus of the two equations 

0P*»^ Ol+y .OJ and a?®4-y“=a«* 



417 


must Im! a circle From these equations all the usual theory of the 
straight line and circle may be leadily deduced, and all ambiguity 
respecting the representation of direction by the signs ( + ) and (—) 
may he removed Thus if the loci of 


OPssit Ol+y OJ, 
and OP'jBst' Ol+y' OJ, 

intersect in the point Q, and OQ^ lie the unit radius on the J side 
of 01 (produced both wayj^), determined by the equation 

V(l+aO OQi«-a Ol+OJ, 


then V(l+o*) OQ will as^OQ^ And a line drawn from the 
locus of P parallel to OQ to pass through the point X, where 
OX«s»t?j ,01+yi OJ, will be represented in magnitude and direc¬ 
tion by 


V(l+«^> 


OQ,. 


From this result the usual theory of anharmouic ratios is immediately 
deducible without any fresh * convention * respecting the signs ( +) 
and (—). 

As every locus has two equations, each equation requires separate 
consideration The investigations concerning the abstract equation 
remain nearly the same as in the usual theory When the abstract 
equation is given mdirectly by the elimination of two constants 
between three equations, the result corresponds to the locus of the 
mtersection of two carves varying according to a known law, 
*coorduiates proper,’ leading m its simplest forms, first, to Descartes’ 
ongmal oonoeption of curves generated by the mtersection of straight 
lines moving according to a given law parallel to two given straight 
lines, and seeondly, to Plucker’s *pomt coordinates’ The true 
relation of Flucker’s ^bne coordinates’ to the ordinary system is 
immediately apparent on comparing the two sets of equations 


(1) Concrete OP>»a? Ol+y OJ 

Abstract F(s?, y)nO, 

(2) First abstract y^ax^-b 

Seootid abstract F( 0 , 6)mO 

The second set of equations determines a curve by supposing a and b 
to vary, then eliminating a and h, and refernng the ultimate abstract 

2o2 
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equation to the oonerete equation (1) On comparing these two seta 
of equationsi we see that w and y in the first are involved in premsdy 
the same manner as a and 5 in the second* so that if any equation 
F(»* 9 )s 0 were given* it might determine one or the other by pre¬ 
cisely the same algebra* according as j?* y or o* £ were substituted 
for u, V Whence flow Plucker’s theones of colhneation and 
reciprocity 

The mvestigations respecting the concrete equation* on the other 
hand* are altogether new The most general form of the two 
equations* is 

Concrete* OR=/](^, y) OA+/a(a?, y) OB 
Abstract* ^(^»y)»0* 

which will clearly detemune a curve as definitely as before. If in 
heu of the abstract equation ^ (^, y)=0* we were given the locus of 
the two equations 

OMbbo? OA+y OB, ^ir,y)««0, 

and from any point M In this curve we drew MN parallel to OB* 
cutting OA produced in N* so that ON=:a? OA* NMmy OB* we 
could find a and y from this curve* and consequently form 
OL»/,(a?, y) OA* and LR«n/Xs?, y) OB, 

and by this means determine the point R* where ORasOL-hLR* m 
the locus of the general equations* corresponding to the point M in 
the particular locus The general form is therefore the algebraical 
expression of a curve formed from another curve by means of ope¬ 
rations performed on the coordinates of the points in the latter* as 
when an elhpse la formed from a oirole by altering the ordinates in a 
constant ratio. 

The algebraical treatment of this oase conriata in pnttmg 

«-/*(*. y). 

«nd betwMD thwe equationi and y)-*0, dnmnating w and 
4 o find ;)»0. Hie looua is Uien ndnoed to tliat of 
ORa*p.Ol+y. OJ, j)»0, 

which M the ordinaiy aimple eue. Rut the wltole of tUa latter 
looua does not in all oaaea eomepoud to the locna of the geneial 
nquationa, booanae not only « and jr, bnt alao p or/,(«', y), and ff or 
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^ scalar. Thus, in the case of the parabola 
derived ih)m a cirde, hj substituting for the ordinate of a point in 
the latter its distance from a known pomt in the circumference of 
the same, we know that it is impossible to derive more of the para¬ 
bola than ean be obtained by taking the diameter of the circle as 
the ordinate The algebraical process gives first 

(1) OR=flr 01+OJ, 
and then, putting pna?, $f« + V(^+y^)) 

(2) ORb|| 01+9 .OJ, 

In this case q is always positive and «+ But at, and 

therefore p, always lies between the limits 0 and 2a, and hence q 
must he between the same limits Consequently the only part of 
the curve (2) represented by the equations (1) is the semi-parabola 
contained between the origin and the ordinate 2a OJ 
Tins general form of the concrete equation, therefore, furnishes 
an elementary method of representmg curves or parts of curves 
Thus 

ORw(A+a cos o+A? cos a) OI+(A( + a sm a+r sin n)) OJ 
a'^+y*s=a®, 

are the equations of a line 

HKs82a (cos tt 01+sina OJ), 
and baving one of its extremities determined by the equation 
OH=A Ol^k OJ, 

BO that its length is 2a times that of 01 and the angle (01, HK)a»a 
To determine the mtersections of two such finite curves, given by 
the equations 

OP—/(or, y). 01+/,(», y). OJ, y)-0, 

and OF=//(a;',y) OI+/;(^^y') OJ, y')-0, 

we have OP—OF, and consequently /j—// and /,—/a', which, 
with f—0 and f'—0, give four equations to determine s, y, s/, y'. 
The curves will, however, not intersect, unless not only four such 
scalars exist, but they make/„/^//,/a' all scalar 
The transformation of coordinates may now be mvestigated more 
generally in the form of the two problems * ’given a change in the 
concrete (or abstract) equation, to find the corresponding change in 
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the abstract (or concrete) equation respectively, iii order that the 
locus may remain unaltered * The ordinary theory only oomprehrads 
an exceedingly simple instance of the first problem The second is 
indeterminate so far as the representation of portions of curves is 
concerned, so that any abstract equation may, by the help of a 
properly selected concrete equation, represent any curve whatever. 

A curve by which the scalar value of y is exhibited corresponding 
to any scalar value of a, m the equation ^(v,y)B0, and which la 
this simple case is furnished by the locus of the two equations 
Ol+y OJ, ^(v,y)*«0, 

IS termed the * scalar radical locus * of the abstract equation 

y)*=0, 

and corresponds to what has been hitherto insufficiently designated 
as the * locus of the equation * y)s=:0 It presents a necessarily 

imperfect image of that equation 

Chnant Plane Gemneiiy^ —Reverting to the ongmal pair of 
eauations 

OP=a? Ol+y OJ, 0(^?,y)=O, 

and remembering that even if diiiaut (* impossible* or * imaginary’) 
values were substituted for a and y in the expressions a?. 01, y OJ, 
they would still represent defimte lines (see abstract of Paper on 
' Laws of Operation, Ac ,* Proceedings, vol, x p 85), and con¬ 
sequently the line OP would still be perfectly determmed, we see 
that the limitation of of and y to scalar values in the previous inves¬ 
tigations was merely a matter of convenience We may therefore 
give jc any chnant value, and after determining the correspondent 
dinant value of y from (which will always exist if the 

equation is algebraical), substitute these values in the concrete 
equation, and thus find OP, and consequently the locus of the 
equations* We may ohuerve, however, that as a dinant mvolves 
tioo scalars, we must have some relatson |pven between them, dneedy 
or induuctly, in order that there may be only one real variable, 
without whxdi hmitation the looiis would in eveiy case embinoe die 
whole plane 

The general algebiaioal ptocess is as Follows, the Roman letter i 
bemg used for + V(-l) OP»P(X„ X,. X.) . OI, when 
+1 9„ • f*, and all the jp, q are soalar/ We can 
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reduce this exprewion to OPaB(P,+i PJ OI| where P, and P^ are 
scalar * formaUous ’ (or ' functions ’) of the 2n scalars 
As this IS equivalent to 0P»P|.01+Pfi OJ, it is precisely the 
same as the general scalar concrete equation lately investigated. 
But one abstract equation will now no longer suffice, for if we put 
Pjsa?f Ps^^f we must have 2ii—1 additional equations, in order 
ultimately to fiady(^, y)BsO by ehmiuatmg 2» variables between 
2ff +1 equations The result, OF»a? 01with 
the conditions of scalanty, will then enable us to determine the locus 
by the usual process. 

If there be only two chnants, Xtsp+i q, and Ynr+i s, and we 
have given OPnP (X, Y) 01, C. (X, Y)beO, where C^O may 
be termed the * curve equation/ these reduce to 
OP«Pi OIH-P, OJ, C^«0, 

where P^, P^, are formations of p, q, r, s, so that, on putting 

P^asjr, PjBssy, we have only four equations, between which we cannot 
elimmate p, q, r, s. This again shows the necessity of some ad¬ 
ditional relation, A(p, q, r, s)aBO, which may be called tlie ' assignant 
equation,* m order finally to discover/(or, y)>BO, and thus determine 
the locus. 

Tlie only case ordinarily considered is where X is scalar. This 
corresponds to putting q^eO for the assignant equation Hence q 
disappears and we have 

OP»P, OI + P, UJ, C,«0, C,«0, 
where P^, P^ Cp Gjj are formations of p, r, s, and hence, putting 
PjiBaa?, Pa^By, we immediately eliminate p, r, s, and determine the 
locus 

This general theory is illustrated by numerous examples, and in 
particular Flucker*8 * involutions* by means of *imagmaiy lines' 
an fully explained by help of the really existent lines of this theory 

The general theory of the intersection of two *clinant lom* is 
precisely analogous to that of two scalar lom with general concrete 
equations. In the particular case where the concrete equations are 
the same for both, or tibe reduced equations are 

OP— [Pi(l», S', r,.)+!. P,(jp, s, r, «)J OI, 

Oi(|», s. »•. «)—0, C,(/», f, r.0, A(p, s> r, •)—0, 
and OP'-lP,(p', s’, r'. .')+!. P^p'. s’, n *’)] .01, 

cap'. 5*.•')-0. W. s'. A'(p', s', r*. «')« 0 . 





the wternection will evidently be determined by fmttuig p^p', 

r nr'i which will give iix Bimultaneoue e(|uatioiia between 
four variables, p^ q, r, « or p\ q\ ^ This gives two equations oi 
condition* If, however, no assignant equations were given, we might 
determine the values of p, q, r, a from the four reduced curve equa¬ 
tions, and then assume any assignant equations compatible with these 
solutions. This is more readily done by determining X and Y from 
the two unreduced curve equations C(X, Y)»0, C*(X, Y)»0 
The process then corresjiouds to that for the simplest scalar case ot 
intersection If the values of X and»Y prove to be scalar, then the 
assignant equations arc and asnO, and we have an ordinary 
scalar case of intersection But if this is not the case, and we find 

X«Bfl,+i.d, Y«Cj*fi i/, . c„+i 

we may take 

among others, as assignant equations and determine the corre¬ 
sponding loci These loci will be found to intersect in all the (pei- 
fectly real) points determined by the values of X and Y, but not 
iiecessanly in these only Such poiuts will of course nut belong to 
the curves derived from putting ^bsO, sssO, and hence cannot in 
any sense be called points of intersection of these curves, although 
they have hitherto been termed * imaginary points of intersection ’ 
The discovery of equations to loci described according to some 
geometrical law, furnishes a convezuent illustration of this clinant 
theory From any point O, draw radu vectores OU, OH to any 
curves, and make HP n A OU, where A » scalar Put 

OFaB(ji+i }).OI,' 0R»B(r+i.e).01, OU>B(tt4.i s).OI. 

Then the condition OP>»OH-l-RP gives paur+hu, As, which 
correspond to the two reduced curve equations. We now require 
three more equations m order to ehmmate four of the six scalars 
Pt q» rpMfUfVt and find a relation between the two remaining scalars, 
sufficient with one of the above concrete equations to detennbe the 
locus of one of the pomts F, B, U* Two of these three equations 
will amount to assigning the locus of two of these pomts, and the 
third equation will amount to assigning some relation between the 
angular motions of OU and OB, without which the loci can clearly 
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not he deternaiied This third condition is frequently given in the 
form of requinng M (a point in AP» produced either way if necessary 
where KM»A; OU and /c is scalar) to he on a given curve It is 
then most convenient to introduce two new scalars m and n, so that 
OMB:(m+i n) Olf when the condition OM»OB+AM, gives the 
two additional equations nns+Av, which with the five 

others will serve to eliminate six of the eight scalars, p,q^ r, s, te,ej 
and leave the required abstract equation between the remaining two 
The ehminations are very simple iii a great variety of turves This 
theory is fully illustrated by examples 
The first problem lu the transformation of coordinates, * given an 
alteration in the concrete and curve equations, to find the corre¬ 
sponding alteration in the assignant equation, so that the curves may 
remain identical, extent excepted,* is solved thus Given 

OP*(P, + i.P,) 01. C,«0. C,=0, A*0, 
for the original curve, and 

0F«(P/-hi p;) oi, c/«o, c;-o 

for the new equations, where the unaccented letters are formations 
of jp, q, r, s, and the accented of p\ q*^ r', ^ Since OPwOF, we 
have Pj=P/, between which and Cj=»0, CbBbO, A«0 

eliminate js, q, r, a and use the final equation, which will only involve 
p\ 2*9 •* es the assignant equation A'«sO, which is mdependent 

of any particular form of the curve equations C/«0, The 

ordinaiy case of the transformation of coordinates is a particular case 
of this The second problem, * given an alteration in the concrete 
and assignant equations, to find that m the curve equations/ requires 
the assignant equation to be put in the form which is 

possible in an infimte number of ways. Then if the locus be that of 

OP»x Ol+y OJ, ♦(^,y)+4<^,y)=0, 
and we have given 

OP* [Pi(P» ^ »)+> Pi(Pf 9 > ^ • 01, 

f*{p* q» r, •)+^(p, q^ r. s)«0«A, 

we put and hence finding 

2f r, s), 29 r, s), 

we use Pa«»e as the two curve equations. The third pro- 
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blem, *giren an alteration in the curve and asngnant equations, 
to find that in the concrete equation,* admits of a similar solution 
Given 

0P»a?.01+y OJ, 
as the equations to the locus, and also 
C,(p, ?, r. e)»0, C^jB, q, r, s)»0, q, r, e) + ^ 

as the new curve and asmgnant equations put aud 

determme a?ssf(j9, q, r, a), y, r, s), and then use 

OP=({+i v) 01 

as the new concrete equation The result is independent of the 
form of the curve equations The geometrical significance of these 
transformations is that there are no * families * of plane curves. 

* Chnant radical loci,’ or curves which furnish a sensible geome- 
tncal picture of the relations of the corresponding chnauts which 
satisfy any abstract equation, may be obtained thus Let the given 
equation be C(X, Y)»0 This may be regarded as two reduced 
curve equations, 

C,(p,8,r,.)-0, C,(p,8,r,.)«0. 

The values of X are assumed by drawing radu vctorees to points in 
any curve, and the corresponding values of T have to be pictured. 
We must therefore have some equation AnO, which m combination 
with the other two will give the curve by which X is thus determined 
Eliminating the scalars, p, q, r, s, two and two, between these three 
equations, we obtain the following six, of which the first and last, 
and one of the intermediate ones, are in general only required: 

/i(l».9)-0. /.C*.**)-®. 

/.(*•. •)"® 

'We now oonatmotthe currea containing the pmnte X, B, Y, as the 
loci of the equations 

OX-OP+PX-(p+i g).OI, /,(p.f)-0, 

08-0P+Pfl-0>+i.e).OI. /,(|»,e)-0. 

OY-OR+EY-OR+PS-(r+i t) OI,/,(r,e)-0. 

Set off OP at pleaaure on 01 (produced both waya), and draw the 
ordinate PXS, cutting the two first enrves in X and 8 Through 8 
draw BY paralle) to OI, entfing Uie third bena in Y: then if 
OX»X 01, andOYMY.OI, XeadYarecoreei^endiiivaidiifimM 
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of C(X, Y)wO Wbeo oidj icalar aolutione arc required^ the 
abstract cquahODS to the first and last curve become ssbO} 
80 that both of these curves coincide with 01 produced both wayi^ 
and the intertnediate or connecting curve is the ordinaiy scalar radical 
locus 

Scalar Solid Geometry .—The same theories apply with proper 
modifications The concrete equation 

OPasjp 01+y OJ+e OK, 

with one abstract equation, /(a*, y, er)BO, gives a surface for its locus, 
and with two abstract equations, 

a curve. From these equations all tlie ordinary theories are most 
readily deduced We may also take the concrete equation more 
generally in the form 

OP«/(jr,y,;p) Ol+/^{x,y,e) OJ(ar,y,a) OK, 

the abstract equation being K(s^,y,a)=«0. We obtain the surface 
by putting Jc^ »=/„ yi«/a> and ehminatingx, y, a lietween these 

equations and F»U, thus finding p y„a,)»0 The locus of 

OP«a:, 01+y, OJ+a, OK, ^(a?|,y„aj«0 

must be limited by the condition that not only w,y,s, but also 

acalBT. If three 

variable parameters a,b,c are introduced, we require in addition 
three equations of condition, F,«*0, F^asO, FaSsO, between a, y, a, 
a, b, c, m order to eliminate all six and find ^ y^ a^)ncO 

Chnon^ Solid Geometry .—Some precaution is now necessary to 
indicate the plane on which the quadrautal rotation symbolised by i 
» to take place This » effected by mtroducing all three coordinate 
axes mto the concrete equations Let the abstract equation be 

F<X.Y,Z)-0 

Then, supposuig 

X»yi+iS[, Y»r+ia, Zbu+iu, 

tins eqvataon reduces to F^mOl, F.wO, where F^ and F. are fonna- 
tions of the six scalars yi, q, r, a, u, o. We now require two assignant 
equations to detormme the curves on which OX and OY are to be 
taken. These may be given m the form of the single chnant equa- 



tion A(X|T»Z)wiO, which reduces to the two scalar equations 
A,»0,A,*0 Now take OR«/i(X,Y,Z) OI+/,(X,Y,Z) OJ 
Then, since i OlnOJ, because the assumption of the two axes 
determines the rotation to be in the plane lOJ, we can reduce this to 
ORanR, • 01 + R^ 0 J, where R„ R, are formations of the six scalars 
By virtue of the equations A,ssO, A^« 0 , FjSsO, Fa= 0 , which 
will give 9 , s, V, e m terms of p, r, the line OR is perfectly determmcd 
by the assumption of p and r Next take 

V(Ri“-hR^").OR,-=OR. 

so that OR] 18 a unit radius in the direction OB Put 

op»/,(X,y,z).or,+/4(x,y,z) ok, 

which reduces to OP«R, ORj+P, OK, where R^, P^ are forma¬ 
tions of the BIX scalars, because t OR^aOK on the plane R, OK. 
The locus of P will now mamfestly be a surface, the concrete equation 
of which becomes of the usual form on putting for OB, its value 
Oetermme P„ P^ by the equations 

and we find 

OP«P, OI+P,.OJ+P, OK 

Puttmg stkPj, And ebminating the six scalars between 

these three equations and A^bQ, A^bO, F^bO, F,bO, the locus 
becomes that of 

OpBsr Ol+y •OJ+s.OK, 

which IS limited by the conditions of scalarity 
After illustrating this theory by an example, the theory of inter¬ 
section, when the elimmahon gives chnant values to determine the 
poittts, 18 discussed ^he general theory is further illustrated by ihe 
detenuination of equations to loot, leading to very simple and ex¬ 
tremely general modes of findmgfiunihes of sur&ces. The problems 
of the transformation of coordinates and of radical loci are shown to 
be precisely analogous to those of plane curves. 

It will be evident that these investigations merely opeit out a new 
field for algebratcal geometiy, of which it u impossible to fimaee the 
extent. 
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March 29, 1860. 

Sir BENJAMIN C. BRODIE, Bart., Freaident, m the Chair. 

The Right Hon. Lord Bclper and Dr W, Bird Herapath were 
admitted into the Society 

The following communications were read — 

I On the Volumetric Relations of Osone and the Action of 
the Electrical Discharge on Oxygen and other Gases.'^ By 
Thomas Andrews, M.D., F R.S, and P. G Tait, Esq., 
M A Received February 20, 1860 

(Abstract.) 

This paper contains the full details of the authors' experiments 
on the volumetric changes which occur m the formation of osone 
From three distinct senes of expenments, performed by different 
methods, they show that when osone is formed from pure oxygen by 
the action of the clectncal discharge, a condensation takes place, as 
had already been announced in a former Note pubhshed in the 
* Proceedings ’ But the condensation is much greater than the earlier 
experiments of the authors on the expansion by heat of electrolytic 
ozone had indicated It is, in fact, so great, that if the ollotropic 
view of the constitution of ozone be correct, the density of that body, 
as compared with oxygen, would be represented by a number cor¬ 
responding to the density of a solid or hqmd rather than that of a 
gaseous substance This conclusion follows necessarily from the 
authors’ experiments, unless it be assumed that when ozone comes 
into contact with such substances as lodme, or a solution of iodide of 
potasnuffl, one portion of it » changed back into common oxygen, 
while the remamder enters into combination, and that these portums 
are to rdated to one another, that the expansion due to the one is 
exactly eq^ to the contraction arising from the other For the 
deUtls of the expenmmita and of the methods of mvestigatum em¬ 
ployed, trfmenoe must be made to the orq^al paper 

llie second part of the communicatum is devoted to the action of 
the sQent dueharge and of the electrical spark on other gases 



Hjdrogen and nitrogen undergo no change of rolume when exposed 
to the action of either form of discharge Cyanogen is readily de¬ 
composed by the spark, but presents so great a resistance to the 
passage of electricity, that the action of the silent discharge can 
scarcely be observed Protoxide of nitrogen is readily attacked by 
both forms of discharge, with increase of volume and formation of 
nitrogen and hypomtnc aeid Deutoxide of nitrogen exhibits the 
remarkable example of a gas which, under the action either of the 
silent discharge or of the spark, undergoes, like oxygen, a diminu¬ 
tion of volume It also is resolved into nitrogen and hypomtnc 
acid Carbonic oxide has given results of great interest, but the 
nature of the reaction has been only partially investigated The 
silent discharge decomposes this gas with production of a substance 
of a bronze colour on the positive wire The spark acts differently, 
destroying, as in the case of oxygen, the greater part of the con¬ 
traction produced by the silent discharge The authors are engaged 
in the farther prosecution of this inquiry 

II. "On the Equation of Differences for an Equation of any 
Order, and in particular for the Equations of the Orders 
Two, Throe, Four, and Five ” By Arthue Cayley, Esq , 
F.B.S. Received March 2, 1860 
(Abstract) 

The term of d^ereneeM^ denotes the equation for the 

squared diffbrences of the roots of a given equation, the equation of 
diiforences afforded a means of determining the number of real roots, 
and also limits for th^ real roots of a given numerical equation, and 
was upon this account long ago sought for by geometers. In the 
Fbilosopluoal Transactioiis for 1763, Wanng gives, but without de- 
monstratioii or indication of the mode of obtaimng it, the equation 
of ddffirenoes for an equatton of the fifth order wanttng the second 
term, the result was probably obtained by the method of symna- 
trie fimetions. Hus method is eni|doyed in the * Meditarijonei iUge* 
braiCB* (1762), where the equatton of diflbrenees is given jbr the 
equations of the third and fourth orders wonting the oeocod terms t 
^ in p. 65 the before-me&tioned result for the equation of the fifth 
order wanting the second term, is reproduced. The formslie 
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obtaining by this method the equation of differences, are fully deve¬ 
loped by Lagrange m the * Traits des Equations Nutn^nques' (1808), 
and he finds by means of them the liquation of diffSerences for the 
equations ot the orders two and three, and for the equation of the 
fourth order wanting the second term, and m Note III he gives, after 
Wanng, the result for the equation of the fifth order wanting the 
second term It occurred to me that the equation of differences 
could be most easily calculated by the following method The co¬ 
efficients of the equation of differences, quh functions of the differences 
of the roots of the given equation, are leading coefficients of covan- 
ants, or (to use a shorter expression) they arc **Seminvariants'’*, 
that IB, each of them is a function of the coefficients which is reduced 
to zero by one of the two operators which reduce a covariant to zero 
In virtue of this property they can be calculated, when their values 
are known, for the particular case in which one of the coefficients of 
the given equation is zero To fix the ideas, let the given equation 
be (v^v, l)^fisp; then, when the last coefficient or constant term 
vamshes, the equation breaks up into eaO and into an equation of 
the degree (n-*l), which I call the reduced equation, the equation 
of differences will break up into two equations, one of which is the 
equation of differences for the reduced equation, the other is the 
equation for the squares of the roots of the same reduced equation 
This hardly requires a proof, let the roots of the given equation be 
u, )3, y, &c , those of the equation of differences are ( 0 —/?)% 
(o—y)®, (a—^)®, &C„()3—y)^(/3—a)®,(y—a)“,&c , but in putting 
the constant term equal to zero, we in effect put one of the roots, 
say a, equal to zero, the roots of the equation of differences thus 
become /?*, y®, 8®, &c , (/J—y)®, (j3—3)®, (y—3)®. &c The equation 

for the squares of the roots can be found without the slightest diffi¬ 
culty , hence if the equation of differences for the reduced equation 
of order (n— 1) is known, we can, by combinmg it with the equation 

for the squares of the roots, form the equation of dtfforences for the 
equation with the constant term put equal to zero, and thence 
by the above-mentioned property of the Seminvariancy of the co- 
cifidlents, find the equation of differences for the given equation The 
present memoir shows the application of the process to equations of 
the orders two, three, four, and five part of the calculation for the 

* Tbs term “ Seminvariant seems to me preferable to M. Bnoschi'sterm Pen- 
invariaiit 
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equation of the fifth order was kindly performed for mo by the Rev 
R Hariey It is to be noticed that the best course is to apply the 
method in the first instance to the forms (o, 6, without 

numencal coefficients (or, as they may be termed, the denumeraie 
and to pass from the results so obtained to those which 
belong to the forms (u, 6, or standard forms The 

equation of differences, for (a—/3)*, &c , the coefficients of which 
are seminvanants, naturally leads to the consideration of a more 
general equation for (a—/3)“ (*—yy)“ (x-fyf, &c , the coefficients 
of which are covanants, and m fact, when, as for equations of the 
orders two, three, and four, all the covanants are known, such co- 
vanant equation can be at once formed from the equation of dif¬ 
ferences , for equations of the fifth order, however, where the cova¬ 
nants are not calculated beyond a certain degree, only a few of the 
coefficients of the covenant equation are given At the coucIuBion 
of the memoir, 1 show how the equation of differences for an equation 
of the order n can be obtained by the ehmination of a single quan¬ 
tity from two equations each of the order a-- 1, and % applying to 
these two equations the simphfication which I have made in Besout's 
abridged method of ehmination, I exhibit the equation of differences 
for the given equation of the order n, in a compendious form by 
means of a determinant, the method just employed is, however, that 
which is best adapted for the actual development of the equation of 
differences for the equation of a given order 


III. "On the Theory of Elliptic Motion'^ By AaTUunCAYLXiT, 
Esq, F B.S Received March 9, 1860. 

The present Note xi intended to give an account of the results which, 
1^ means of a grant ftom the Donation Fund of the Royal Society, 
1 have procured to be odculated for me by Messrs. Greedy and Davis, 
and which are oontamed in a memoir presented to the Rcydi Astro¬ 
nomical Society, entitled " Tables of the Developments of Funotioiip 
in the Theory of Elliptic Motion.” The notation employed ie 
r, the radius vector, 

/, the true anomaly, 
u, the mean dutance, 
c, the excentnaty, 
p, the mean anomaly, 
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so that 

and f,=ella{e,g) 

(read elliptic quotient radius and elliptic true anomaly), arc known 
functions of e, g Moreover x denotes the periodic part of and y 


the equation of the centre or periodic part of/, so that 

/“if+y. 

and X, y are idso known functions of e« g 

Formulae for the development in multiple cosines or sines up to 
the terras in of 
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where j is an indeterminate symbol, ore given fay Leverner in the 
* Annalesde^rObservatoirc de Paris/ 1 .1 (185.5), pp 346-348, and 
what has bdbf done is the deduction from these of the developments 
tn the hke form of various functions of the forms 



wherey has given integer values It is to be remarked that a cosine 
senes is in general represented m the form X [cos]'cos where t 
extends from —oo to+<3D, and the coefficients [cos]' satisfy the con¬ 
dition [oos]''h> —[cos]', and that a sine senes is represented in 
the form 2 [sin]'sin where • extends from —ooto+ao, and the 
coeflicients [sin]' satisfy the condition [sin] — [sin]' (this imphes 

[smj^BO). In the case of a pair of corresponding functionSi«^ cosy 

oos^and f -) sin^ one of them expanded 

m the form 2 [cos]'cos and the other in the form 2[sui]'8intyf 

the mg» and differences of tibe corresponding coefficients [cos]', 
[sti^' (represeided by the notation [cos ± sin]', and which are ob- 
suA that [coB+«ai*‘iw[co8—iin]'> [cos±am]®«»[coaP) 
sMihr jpafpossB equally Will with the ooeffideots [cos]', [nn]'* 
and flHylfNijn the memoir tahulated accordingly, and the several 
fonetiiaa tabdated am as follra^ vu 

vox*. X. 2 b 
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(a?‘, a?* . , [cos] 

(af®, x\ X* . [<*os], [sin], [cos+sin] 

©*• r) .w 

G)^' G)^' G)' G) 

all the developments being earned up to e’, the limit of the for¬ 
mulae A*om which they are deduced 


IV “ On the Application of Electrical Discharges from the In¬ 
duction Coil to the purposes of Illuuimation ** By P 
Oassiot^ Esq ^ F B S Received March 29;, 1860* 

The subjoined figure represents a carbonic 
acid vacuum-tube of about of an mch inter 
nal diameter, wound in the form of a flattened 
spiral The wider ends of the tube, in which 
Uie platinum wires are sealed, ore 2 inches in 
length and about ^ an inch iti diameter, and 
are shown by the dotted lines, they are enclosed 
m a wooden case (indicated by tlie surrounding 
entire hne), so as to permit only the spiral to be 
exposed. 

When the discharge from a RuhmkoriT's in¬ 
duction apparatus is passed through the vaouum- 
tttbe» the spiral becomes intensely luminous, ex- 
hibitbg a brilliant white light Mr. Gassiot, 
who exhibited the experiment at the meeting 
of the Society, caused the discharge from the 
mdnction coil to pass through two miles Of cop¬ 
per wire, witli the same coil excited so as to give a qpark thnai^im 
of one inch in length, he asc^ined that the lumtnOinty in tl^ 
was not reduced when the discharge pAssed tfarougl^ M mitiw isS 
No 32 copper wire. 
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Apnl 19, 1860. 

Sir BENJAMIN C. BRODIE, Bart, President, in the Chair 

Professor Auguste De la Kive, of Geneva, and Sir John Bownug, 
were admitted into the Society 

The C ROOM AN Lecture was then delivered by James Petti- 
GREvr, Esq , On the Arrangement of the Muscular Fibres of the 
Ventnculur portion of the Heart of the Mammal ” 

(Abstract) 

The Lecturer began by refernng to the descnptions of the arrange¬ 
ment of the ventncular fibres of tlie heart given by previous m- 
quirers, more especially Lower, Sense, Wolff, Oerdy, Duncan, and 
Held, he then proceeded to give an account of the results of his 
own investigations, which liad been conducted on the hearts of the 
Sheeps Calf, Deer, Ox, Horse, &c , all of which, he observed, bear a 
perfect resemblance to the human heart* In order, as much as pos¬ 
sible, to oveeeome the difficulties of the subject, he availed himself of 
drawings, explanatory diagrams, and models illustrating the course 
and relation of the fibres To these last, however, he observed he 
attached no special importance, further than that they were useful 
vehicles of communication, and it was to the dissections themselves, 
some of which were before the Society, that he looked for a corro¬ 
boration of the statements he advanced 


Commencing with the left ventricle, which he believes to be the 
typical one, the Lecturer stated that, by exercising a little care, he 
had been enabled to unwind as it wore its muscular substance, and 
so to separate its walls into several layersf, each of which is charac- 
tenxed by a difference m direction Seven layers, at least, can be 
readily shown by dissection, hut he believes they are in reahty 
nine, vu four external, the fifth or central, and four mtemal He 
explained how the external fibres are continuons with the internal 
fibres the apex, as was known to Lower^, Gcrdy §, and others. 


fr» Pettigrew's researehei faelnde also the arrangement of the fibres in the 
dil of the Bird, Reptfle, and nsb. 

leniB (TftaltAdela Structnre du Ccenr,&c [Pans, 1749},p]ancbea}Sgnres 


ftStf Xad Searle (Cyc. of Aaat andPh^s.art **Heart'') speaks oftiirae 
t tMMl 4 Corde, fte London, 1600 

I Heeberehai^ Discoisloiis el Propositions d’Anatomie, Physlologie, fte. Pans, 


1823, 


2 H 2 



484 


and how the fibres constituting the Beveral external layers are con- 
tinnous with corresponding internal layers likewise at the base’*’,— 
a fact to which the Lecturer drew particular attention, as being con¬ 
trary to the generally received opinion, which is to the effect that the 
fibres at the base are non-contmuous, and arise from the aunculo- 
ventncular tendinous rings—which, as he showed by numerous dis- 
seotions, is not the case 

Coming next to the question of the direction of the fibres, he 
showed bow there is a gradational sequence in the direction of the 
fibres constituting the several layers Thus the fibres of the first 
layer are more vertical in direction than those of the second, the 
second than those of the third, the third than those of the fourth, 
and the fourth than those of the fifth, the fibres constituting which 
layer are tranarerse, and run at nearly right angles to those of the 
first layer Passing the fifth layer, which occupies the centre of 
the ventricular wall and forms the boundary between the external 
and internal layers, the order of things is reversed, and the remain¬ 
ing layers, viz six, seven, eight, and nine, gradually return to the 
vertical in an opposite direction, and m an inverse order This re¬ 
markable change in the direction of the external and internal fibres, 
which had in part been figured by Sonoc, and imperfectly doscnlied 
by Reid f, as well as other detached and important facts ascertained 
by himself and others—such as the continuity of the fibres at the 
apes and base, already adverted to<—he suggested might be accounted 
for by the law of the double conical spiral, which he proceeded 
forthwith (.0 explaiu 

The expression of the law, as he conceives it, with reference to 
the arrangement of the fibres in the ventricle, is bnefly the follow¬ 
ing By a simple process of involution and evolution, the external 
fibres become internal at the apex, and external again at the base, 
so that whether the fibres be traced from without mwards, or from 

* The late Dr Dunesa, Jan, of Edinburgh, wu aware of the fibres fofiBdng 
loops at the base, but seems to have had no hnowledge of the continuity Indnff 
oocasioited by the onion of oorresponding exiemol and hi/emaf layers, ertyuft 
these basal loops were prolongations of like loops formed by simSsaoenetyoad* 
ing external and intenal layers at the apex-^ point which the Leetyror bdUMs 
he is the first to establish. "" 

t Cyo of Anat and Phvs., art ** Heart ^ London, 1B89 
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within outwards, they always return to points not wide apart from 
those from whence they started In order to illustrate the principle 
of the doable conical spiral m the above sense, he took a sheet of 
net, through which parallel threads of coloured wool, representing 
the individual fibres, were drawn at intervals, and laying it out on 
the table before him, with the threads placed horizontally, seued it 
by the nghUhand off comer, and rolled it m upon itself (t e towards 
his own body) seven turns, so as to produce a cone whose walls con¬ 
sisted of nine layers*« On gradually unwinding the walls of the 
cone thus fashioned (which is tantamount to undoing the spirals), so 
as to imitate the removal of consecutive layers from the walls of the 
ventricle, he finds that the gradation in the direction of the several 
layers just specified is distinctly marked, and that these layers, as 
was exhibited m various dissections, find a counterpart in the ventncle 
itself. Thus (the heart being supposed to be placed upright on its 
apex) in the first external layer the threads are seen running from 
base to apex, and from left; to rightf, almost vertically, in the 
second layer they are slightly oblique, this obliquity increases in 
the third, and still more in the succeeding layer, till m the fifth or 
central one the direction of tho threads becomes transverse After 
passing the central layer, the direction of the threads (as of the 
fibres) 18 reversed, in the sixth layer they begin to turn from rt^A^ 
to hft^ with a slight luchuatiou upwards , and m succeedmg layers 
gradually become more and more vertical, imtil the inneimost, or 
ninth, 18 reached, m which they become as vertical as in the first, 
but are curved m an opposite direction 

As a necessary consequence of this arrangement of the fibres, the 
Lecturer showed that when the layers are in apposition, as they 
exist in the undlssected ventncle, the first cxtemal layer and the last 
internal cross each other with a slight deviation ftom the vertical, as 
in the letter X , while in the succeeding external and internal layers, 

* A riieet of paper with poralld liaet drawn upon it will answer the purpose 
eqwlply well, except that its non-iranspareney precludes our seeing the external 
n^fanemd spiiiilt rolled the one within the other when the sheet is Suhioned 
into a com sQiid hM against the light, as the Lecturer recommends The sheets 
dioid^be twice as long as th^ are broad, and the lines or threads should run m 
fbe dhootion of |he lengtli 

t ThSft is, in ihio direction from the left hand to the right of the observer. 
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until the fiftti or central oufit which ib transverse, is reached, they 
cross at sucoessiTely wider vertical angles, as may be represented by 
an X placed horiaontally. 

Holding the cone, prepared as described, against the hght, tlie 
Lecturer then showed how, by the rolling process, a double system 
of conical spirals, similar to those found in the left vcntnclc, had 
been produced—the one an external left-handed down system, 
running ftom base to apex, and corresponding with the external 
layers, the other an mtcmal nght-handed up system, runmug from 
apex to base, and corresponding with the internal fibres, and how, 
seeing the opposite systems are the result of different portions of the 
same threads being rolled in different directions (the one within tlie 
other), the spirals are consequently continuous at the apex. 

He in this manner explamed the contmmty of the external and 
internal fibres at the apex By simply producing the threads form¬ 
ing the mtemal spirals, and turmng them out at the base until they 
met corresponding external spirals, ho next showed how the con- 
tmuity of the fibres at the base might be accounted for The con¬ 
nexion of the fibres at the base, he remarked, is effected for the most 
part as at the apex, by contmuity of their proper muscular substance, 
but those of the papillary muscles are continued by the tendinous 
cords This continuity observes a certain order, so that certain ex¬ 
ternal layers are continued at the apex mto certain internal layers, 
and turn outwards at the base into their original external position 
Thus the first layer is coutinuouB with the mnth, the second with 
the eighth, the third with the seventh, and the fourth with the 
mth, while* the fifth occupies, as already said, the middle place be¬ 
tween the four exteipal and four internal He thus endeavoured to 
prove that a strong analogy exists between the arrangement of the 
fibres at the apex and the base, and that the same principle which 
turns in the external fibres at the apex also turns out the internal 
at the base,*—a view which, while it extends rather than mihtates 
against that of older wnters, was strongly supported by the arguments 
he adduced It would therefore seem that the fibres do not fo^ 
simple loops pointing towards the apex, as generally ntppoied, 
twined continuous loops pointing sJike to apex ai^ baiie. FrofEii 
this arrangement, it follows that the first and mnth Uyen mlbttm 
in their convolutions those immediately beneath themiVfaih these in 
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turu embrace those next in sueoessionj and so on until the central 
layer is reached.—an arrangement which may m fiart explain ahke 
the rolling movements and powerful action of the ventricles 

The Lecturer next drew attention to the manner in which tlie 
external fibres pass into the mterior of the ventncle to form the 
muscuh papiUares He first remarked that when the external fibres 
get into the mtenor they are necessarily confined to a smaller ar^ 
and are therefore crowded into a mass of greater thickness, which 
contributes to form the papillary muscles He then showed that the 
external fibres, entering at the apex and forming the “ vortex,” pass 
inwards in two pnncipal parcels or bundles, one of which comes 
chiefly from the postenor surface of the ventricle, and winds for* 
wards to enter the apex anteriorly, whilst another comes from the 
anterior surface, and winds backwards to enter the apex postenorly, 
a fact which the Lecturer believes has been hitherto overlooked On 
entering the cavity, the antenor bundle crosses to the postenor wall, 
and forms the postenor papillary muscle, whilst the postenor bundle 
forms the antenor papillary muscle The fact of this double en* 
trance, and its relation to the papillary muscles, was shown in vanous 
preparations, and it was remarked that, but for this double entrance, 
which applies to all the external layers, the apex of the ventncle 
would be like the barrel of a pen cut slantingly, or, in fact, lop¬ 
sided , whereas, by the arrangement desenbed, it is rendered bilate¬ 
rally symmetncal. 

To bnng this bilateral entrance and symmetry into harmony with 
the desonption already given of the succession of layers, and with 
the illustration of the conically rolled sheet, the Lecturer explained 
that we must regard the pnmary sheet as having spht into two, or 
we must suppose a second one superadded, and rolled up along with 
the first. In fiwt, if a second sheet of net with parallel threads 
be hud on the first, so that the threads upon it Intersect those of 
the first at an acute angle, and the two are then rolled up together 
m the way already described, the result will be that the opening at 
the qpex wiU have two symmetncal bps, as it were, representing the 
two parcels of fibres forming the vortex m the natural heart. 

It is won known that the wall of the left ventncle is thickest at 
dMmt a third of its length from the base, and that from this pmnt 
it decreases In thkkiiess towards the base, and still more towards the 
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i^exj which ii its thinnest part. This condition may be explained by 
a certain modification of the V^eceding description,—by suppoung, 
namely (what is really the fact), that the outermost and innermost 
layers extend further towards the apex and towards the base than 
those which come next, and these again further than those which 
soccoed, and so on with the rest, the central one being of least ex¬ 
tent, and confined indeed to about the middle third of the ventricle. 
In this way the ventricular wall is thickest towards its middle, where 
it is composed of all the layers, but becomes thinner and thinner 
towards the base and apex, where it consists of fewer and fewer 
layers. 

Proceeding next to speak of the nght ventricle, and especially of 
Its relation to the left, the Lecturer observed that the simplest way to 
view that ventricle is to regard it as a segment of the left one, and 
this view he oonstders to be most m accordance with what we know 
of its structure and mode of development For a short tune after 
the heart appears in the embryo, its ventricular compartment is 
simple 1 but a septum soon begins to nse up withm it, which pro¬ 
ceeds from the nght side of the apex and antenor wall of the cavity 
lu the direction of the base, and is completed about the eighth week 
of intra-utenne life. For a time, moreover, the new-formed ven¬ 
tricles have equally thick walls, but as the full penod is approached, 
Uie left, which is destined after birth to perform a larger amount of 
work, comes to predominate m thickness* Starting now from the 
left or ‘typical *’ ventricle, constituted as above desenbed, the 
Lecturer showed that, by pushing m the antenor wall in mutation of 
the constructive process in the embryo until it reaches the postenor 
wall, two veutncles ace produced, with a partition or septum between. 
As, however, the septunfi in this case is double and unattached pos¬ 
teriorly, he said it was necessary, in order to complete the structure, 
to suppose the fibres forming the postenor border of the septal 
dopheature as coalescing or anastomosing with correspondmg fibres 
of the posterior wall, whilst the fibres of the two halves of the duph* 
catuie Itself ore blended with each other In this way, as he ex¬ 
plained, there results a single septum connected postmoriy, ud 
constituted in a manner which remarkably* accords with the struc¬ 
ture disooveied by dissecting the adult heart. Thus, when both 
ventricles are dissected at the same time, the fibres forming the 
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external lajers posteriorly are found to be fur the most part common 
to both, m other words, the fibres on the back part of the left 
ventricle cross over the posterior coronary tract, and pass on to the 
right ventncle, whereas, m front, with the exception of a large cross 
band at the base, the fibres of the right and of the left ventricle 
respectively dip inward at the antenor coronary tract, as if altogether 
independent of each other t an arrangement which induced Wmslow 
to regaord the heart as consistmg of two muscles enveloped in a third* 
When, moreover, the so-called cominon fibres, posteriorly, are dis¬ 
sected layer by layer simultaneously with the independent antenor 
fibres, it IS found that both pass through the same changes of direc¬ 
tion , and the same rule holds good witli the fibres of the septum. 

Another possible mode of explaining the septum, as the Lecturer 
showed, IS to regard the layers entering into tlie formation of the 
left ventncle as splitting up postenorly, the one half of eacli layer 
winding round to form the nght ventncle, and then dipping m front 
to form the nght half of the septum, whilst the other half proceeds 
immediately forwards to form the left half of the sqitum 

Both ventncles thus appear to be formed on the same general plan, 
but they differ materially m the structure of their apices, and the 
question anses—which is the primary or typical ventncle ? Now, 
while the fibres of the left ventncle enter its apex m a spiral manner 
by a species of involution similar to that which would be produced 
by rolluig a sheet of muscle into a cone, those of the nght ventricle 
simply bend or double on themselves Moreover, as the Lecturer sug¬ 
gested, were we to spht the septum into two, assignmg to each ven¬ 
tricle its proper share, and then apply the cut ends of the common 
fibres (which cross from the left to the nght ventncle postenorly) to 
their corresponding fibres in the left half of the septum, we should find 
that we had still a perfect whole—in other words, a complete n^stem 
of external and internal spirals, whereas the fibres of the right 
ventncle and its half of the septum, treated in the same way, would 
represent only a part of a more complete system—a portion nipped 
off, as it were, from the side of the perfect cone. Accordingly, if 
wo would dissect the left ventnde, and especially its apex, s^m* 
metnedly, we must detach the nght ventricle as if it were of no 
account, and dissect layer after layer of the septum j^art paetu 
with the layers of the left ventricular wall generally, on the other 
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htnd, the right ventricle can be dieeeeted only in connexion with the 
left 

For theie reasons the Lecturer is inclined to regard the left ven¬ 
tricle as the typical one» and the nght as a mere segment thereof, 
and in further corroboration of this opinion, he referred to the shape 
of the nght and left ventricular cavities, as shown by casts of their 
intenor. The left idways yields a beautifully finished and perfect 
nght-handed conical screw, while the cast of the nght ventricle, 
although it has the same twist, represents only an incomplete 
portion This statement was illustrated by a wax-cast of the vtn* 
tndes of the heart of a deer 

In conclusion, the Lecturer remarked that the arrangement of the 
fibres composmg the ventncles of the mammalian heart, as he had 
endeavoured to expose it, is characterised by comparative simplicity, 
and harmonues perfectly with what u known of the heart's move¬ 
ments 

[The matters touched on by the Lecturer are more fully treated of, 
and the descnptions copiously illustrated by figures, m his Paper 
entitled *^0n the Arrangement of the Muscular Fibres of the 
Vcntncular Portion of the Vertebrate Heart ” By Jambs Pktti- 
ORBW, Esq Communicated by John Gooortr, Esq, Professor of 
Anatomy m the Umversity of Edinburgh Received Nov 22,1859 J 


AprtHe, 18G0. 

Sir BENJAMIN C BRODIB, Bart, President, m the Chair. 

The following commonicationa were read — 

1. " Note on Begdetton." By Michabl Faraday^ D.C.L , 
F B.S. ftc Beceived March 18,1860. 

The philosophy of the phenomenon now understood by the word 
B^lation is eneedingly mtereeth),^ not only because of its rdatum 
to gladal action under natural ououmettuoee, as shown lyadiJl 
and others, but also, and as I think espeeudly, in its beariugi i^ion 
molecuUr action $ and tbis u shown, not merely by tlie dedreof 
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ferent philosophers to ass^n the true phjsical principle of ectioiit 
but also by the great differences between the views which they have 
taken 

IVo pieces of thawing ice, if put together, adhere and become 
one , at a place where liquefaction was proceeding, congelation sud¬ 
denly occurs The effect will take place in air, or m water, or m 
vacuo It will occur at every point where the two pieces of ice 
touch, but not with ice below the freezing-point, t e with dry ice, 
or ice BO cold as to be everywhere in the solid state 

Three different views are taken of the nature of this phenomenon 
When first observed in 18.50, 1 explained it by supposing that a 
particle of water, which could retain the liquid state whilst touching 
ice only on one side, could not retain the liquid state if it wore 
touched by ice on both sides, but became solid, the general tem¬ 
perature remaining the same*^ Professor J Thomson, who dis¬ 
covered that pressure lowered the freezing-pomt of waterf, attributed 
the regelation to the fact that two pieces of ice could not be made 
to bear on each other without pressure, and that the pressure, how¬ 
ever slight, would cause fusion at the place where the particles 
touched, accompanied by relief of the pressure and resolidification of 
the water at the place of contact, m the manner that he has fully 
explained in a recent communication to the Royal Societyt Profes¬ 
sor Forbes assents to neither of these views, but admitting Personas 
idea of the gradual liquefaction of ice, and assuming that ice » 
essentially colder than ice-cold water, t e. the water in contact with 
It, he concludes that two wet pieces of ice will have the water be¬ 
tween them frozen at the place where they come into contact^ 
Though some might think that Professor Thomson, in his last 
communication, was trusting to changes of pressure and tempera¬ 
ture BO inappreciably small as to be not merely imperceptible, but 
also ineffeotual, still he earned his conditions with him into all the 
cases he referred to, even though some of his assumed pressures 
were due to capillaiy attraction, or to the consequent pressure of the 

* BcaearohM inChemittiy and Pbyiioi, Svo. pp. 373, 378 
t Mouftton Myt that a pratsure of 13,000 atmospberes loveri the temperature 
of freezing from 0* to --18^ Cent 
t ftoyd Society Prooeeifingai voi x p 152 
I Prooeediaga of the Soyal Society of Bdmburgh, April 19,1858 



atmosphere^ only It seemed id me that experiment might be so 
applied as to advance the*ii||ire8tigation of this beantiAil point in 
moledalar philosophy to a further degree than has yet been done, 
even to the extent of exhausting the power of some of the principles 
assumed m one or more of the three news adopted, and so render 
OUT knowledge a little more defined and exact than it is at present* 

In order to exclude all pressure of the particles of ice on each 
other due to capillary attraction or the atmosphere, 1 prepared to 
experiment altogether under water, and for this purpose arranged a 
bath of that fluid at 32^ F A pail, surrounded by dry flannel, 
was placed m a box , a glass jar, 10 inches deep and 7 niches wide, 
was placed on a low tnpod in the pail, broken ice was packed be¬ 
tween the jar and the pail, the jar was filled with ice-cold water to 
within an inch of the top, a glass dish filled with ice was employed 
as a cover to it, and the whole enveloped with dry flannel In this 
way the central jar, with its contents, could be retained at the un- 
chaugmg temperature of 32° F for a week or more, for a small piece 
of ice floating in it for that time was not entirely melted away. All 
that was required to keep the arrangement at the fixed temperature, 
was to renew the packing ice in the pail firom time to time, and also 
that m the basin cover. A very slow thawing process was going on 
m the jar the whole time, as was evident by the state of the indi¬ 
cating piece of ice there present. 

Pieces of good Wenham-lake ice were prepared, some being blocks 
three mches square, and nearly on inch thick, others square pnsms 
four or five inches long * the blocks had each a hole made through 
them vnth a hot wire near one comer, woollen thread passed through 
these holes formed loops, which being attadied to pieces of lead, 
enabled me to sink the ice entirely under the surface of the loe-cold 
water. Each piece was thus moored to a particular place, and, be¬ 
cause of its buoyancy, assumed a position of stability The threads 
were about inch long, so that a piece of tee, when depressed 
sideways and then left to itself, rose in the water as far as it could, 
and into its stable position, with conriderable force When, also, a 
piece was turned ronnd on its loop as a. vertical axis, the torsion 
force tended to make it return m the reverse direction 

Two nmilar blocks of ice were placed in the water with their 
opposed faces about two inches apart, they could be moved into 
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any desired position by the nse of. deader rods of wood^ without 
any change of temperature in the wi^r If brought near to each 
other aud then left unrestrained, they separated, returnmg tef their 
first [Hisition with considerable force* If brought into the slightest 
contact, regelation ensued, the blocks adhered, and remained ad¬ 
herent notwithstanding the force tending to pull them apart They 
would continue thus, cren for twenty-four hours or more, until they 
were puqiosely separated, and would appear (by many trials) to 
have the adhesion increased at the points where they first touched, 
though at other parts of the contiguous surfaces a feeble thawing 
and dissecting action went on In this case, except for the first 
moment and lu a very minute degree, there was uo pressure either 
frotn capillary action or any other cause On the contrary, a 
tensile force of considerable amount was tending all the time to 
separate the pieces of ice at their points of adhesion, where still, 1 
believe, the adhesion went on mcreasiiig—a belief that will be fully 
confirmed hereafter 

Being desirous of knowing whether anything like soft adhesion 
occurred, such as would allow slow change of position without sepa¬ 
ration during the action of the tensile force, I made the following 
arrangements The blocks of ice being moored by the tlireads 
fastened to the lowest corners, stood in the water with one of the 
diagonals of the large surfaces vertical, before the faces were 
brought into contact, each block was rotated 45^ about a horizontal 
axis, in opposite directions, so that when put together, they made a 
compound block, with horizontal upper edges, each half of which 
tended to be twisted upon, and tom from the other. Yet by placing 
indicators in holes previously made in the edges of the loe, I could 
not find that there was the slightest motion of the blocks in rela¬ 
tion to each other in the tbirty-six hours dunng which the expen- 
meat was continued This result, as fiir as it goee» is against the 
necessity of pressure to regelation, or the existence of any condition 
like that of softness or a shifting contact, and yet I shall be able to 
show that there is either soft adhesion or an equivalent for it, and 
from that state draw still farther cause against the necessity of pres¬ 
sure to regelation 

Torsion fbree was then employed as an antagonist to regelation. 
The ice-blocks, bmng separate, were adjusted id the water so as to he 
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parallel to each other, and 1|- inch apart If made to ap¬ 

proach each other on one hf revolution in opposite directions 
on vertical axes, a piece of paper being betireen to prevent ice con¬ 
tact, the torsion force set up caused them to separate when left to 
themselves, hut if the paper were away and the ice pieces wore 
brought mto contact, by however slight a force, they became one, 
forming a ngid piece of ice, though the strength was, of coarse, very 
small, the pout of adhesion and solidification bemg simply the con¬ 
tact of two convex surfaces of small radius By giving a little 
motion to the pail, or by moving either piece of ice gently m the 
water with a slip of wood, it was easy to see that the two pieces were 
ngidly attached to each other, and it was also found that, allowing 
time, there was no more tendency to a changing shape here tfajin in 
the case quoted above If now the slip of wood were introduce<l 
between the adhering pieces of ice, and applied so as to aid the 
tomott force of one of the loops, t e to increase the separating force, 
but unequally as respects the two pieces, then the congelation at the 
point of Adhtact would give way, and the pieces of ice would move 
in relatiou to each other. Yet they would not separate, the piece 
unrestrained by the stick would not move off by the torsion of its 
own thread, though, if the stick were withdrawn, it would move 
back into its first attached position, pulling the second piece with it, 
and the two would resume their first associated form, though all the 
while the torsion of both loops was tending to make the pieces 
separate. 

If when the wood was applied to change the mutual position of 
the two pieces of loe, without separatug them, it were retained for a 
second undiftarbed,^en the two pieces of ice became fixed ngtdly 
to each other m tbcir new position, and maintained it when the 
wood was removed, but under a state of restnunt, and when suffi¬ 
cient force was apphed, by a slight tap of the wood on the ice to 
break up the ngidity, the two pieces of ice would rearrange them¬ 
selves under the torsion force of their respective threads, yet remain 
nmted, and, assuming a new position, would, u a second or less» 
again become rigid, and remam inflexibly conjomed as before. 

By managuig the continuous motion of one piece of ice, it could 
he kept aasomated with the other by a flexible pomt of attaduAent 
for any length of time, could be placed in various angular postamis 
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to it, could be made (by retaining ^ quiescent for a moment) to 
assume and hold permanently any or these positions when the ex¬ 
ternal force was removed, could be changed from that position into 
a new one, and, within certain limits, could be made to possess at 
pleasure, and for any length of time, either a flexible or a rigid attach¬ 
ment to its associated block of ice. 

So, regelation includes a flexible adhesion of the particles of icc, 
and also a rigid adhesion The transition between these two states 
takes place when there is no external force like pressure tendmg to 
bring the particles of ice together, but, on the contrary, a force of 
torsion IB tending to separate them, and, if respect be had to the 
mere point of contact on the two rounded surfaces where the flexible 
adhesion 18 exercised, the force which tends to separate them may 
be esteemed very great The act of regelation cannot be considered 
as complete until the junction has become rigid, and therefore I 
think that the necessity of pressure for it is altogether excluded 
No external pressure can remain (under the circumstances) after the 
flrst ngid contact is broken All the forces which remam tend to 
separate the pieces of ice, yet the flrst flexible adhesions and all the 
successive rigid adhesions which are made to occur, are as much effects 
of regelation as those which occur under the greatest pressure 

The phenomenon of flexible adhesion under tension looks very 
muck like sticking and tenacity, and I think it probable that Pro¬ 
fessor Forbes will see m it evidence of the truth of his view I 
cannot, however, consider the fact as beanng such an interpretation, 
because 1 think it impossible to keep a mixture of snow aud water 
for hours and days together without the temperature of the mixed 
mass becoming uniform, which uniformity would be fatal to the 
explanation. My idea of the flexible and rigid adhesion is this:— 
Two convex snrflmes of ice come together, the particles of water 
nearest to the place of contact, and therefore withm the efficient sphere 
of action of those particles of lee which are on both sides of them, 
sohdify; if the condition of things bo left for a moment, that the 
heat evolved by the sohdiflcatiOD may be conducted away and dis¬ 
persed, more partidea will solidify, and ultimately enough to form 
a fixed and rigid junotioo, which will remain untd a force saffimoitly 
great to break through it is applied. But if the direction of the 
force resorted to dm be reheved by any hmge-hke motion at the 
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point of contact, then I think that the union is broken up among the 
partides on the opening aide ^ Ihe'!|mg1e, whilst the particles on the 
doiltlg side come within the effectual regelation distance, rcgelation 
ensues there and the adhesion is mamtained, though in an apparently 
flexible state The flexibility appears to me to be due to a series of 
ruptures on one side of the centre of contact, and of adhesion on the 
other,—the regelation, which is dependent on the vicinity of the ice 
surfaces, being transferred as the place of efficient vicinity is changed 
That the substance we are considering is as brittle as ice, does not 
make any difSculty to me in respect of the flexible adhesion , for if 
we suppose that the point of contact exists only at one particle, still 
the angular motion at that point must bring a second particle into 
contact (to suffer regelation) before separation could occur aidHhe 
flrst, or if, as seems proved by the supervention of the ngid adherion 
upon the flexible state, many particles are concerned at once, it is not 
possible that all these should be broken through by a force applied 
on one side of the place of adhesion, before particles on the opposite 
side should have the opportunity of regelation, and so of continuing 
the adhedon. 

It is not necessary for the observation of these phenomena that a 
carefully-arranged water-vessel should be employed. The difference 
between the flexible and rigid adhesion may be examined very well m 
air. For this purpose, two of the bars of ice before spoken of, may 
be hung up honsontally by threads, which may be adjusted to give 

torsion any separating force desired \ and when the ends of these 
bars are brought together, the adhesion of the ice, and the ability of 
placing these bars at any angle, and causing them to preserve 
that angle by the rtgvl adhesion due to relation, will be rendered 
evident, and though the flexible adhesion of the loe cannot m this 
way be exammed alone, because of the capillary attraction due to the 
film ^ water on the loc, yet that is easily obviated by plunging the 
pieces into a dish of water at common temperatures, so that they are 
entimly under the surface, and repeating the obsorvahans there. All 
the important points regarding the flexible and ngid junction of ice 
dne to regelation, can m this way be readily investigated. 

It will be understood that» in observing the flexible and ngid state 
of union, convex surfaces of contact are necessary, so that the contact 
inay he only at one point If there be leveral places of oontapl^ 



447 


apparent nf^dity is given to the united masB, though each of the 
places of contact might be in a Aexibte and« so to say, adhesive con¬ 
dition It IS not at all difficult to arrange a convex surface so tliat, 
bearing at two places only on the sides of a depressioiif it should 
form a flexible joint m one directioiii and a rigid attachment in a 
direction transverse to the former 

It might seem at first sight as if the flexible adhesion of the ice 
gave us a point to start from in the fiirtlier investigation of the prin¬ 
ciple of pressure If the application of pressure causes irc to freeze 
together, the application of tension might be expected to produce the 
contrary effect, and so cause liquidity and separation at the flexible 
joint This, however, does not necessarily follow, nor do I intend to 
coflfider what might be supposed to take place whilst theoretically 
contemplating that case I think the changes of temperature and 
pressure arc too inflmtesimal to go for anything, and in illustration 
of this, will describe the following experiment Wool is known to 
adhere to ice in the manner, ns 1 believe, of regelntion. Some wool¬ 
len thread was boiled m distilled water, so as thoroughly to wet U. 
Some clean icc was broken up small and mixed with water, so as to 
produce a soft mass, and, being put into a glass jar clothed in flan¬ 
nel that it might keep for some hours, had a linear depression made 
in the surface, so as to form a little ice-ditch filled with water, m this 
depression some filaments of the wetted wool were placed, which, 
sinking to the bottom, rested on the ice only with the weight which 
they would have being immersed in water, yet in the course of 
two hours these filaments were frozen to the ice In another case, a 
small loose ball of the same boiled wool, about half an inch in 
diameter, was put on to a clean piece of ice; that into a glass basin, 
and the whole wrapped up in flannel and left for twelve hours. At 
the end of that time it was found that thawing had been going on, 
and that the wool had melted a hole m tlie ice, by the heat conducted 
through it to the ice ftom the atr The hole was filled' with the 
water and wool, but at the bottom some fibres of the wool were 
fVosen to the ice 

Is this remarkable property peculiar to water, or » it general to 
all bodies T f n respeet of water it certainly seems to offer us a glimpse 
into the joint physiol action of many particles, and into the nature 
of cohesion in that body when it is changing between the solid and 

VOL X 2 i \ 
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liquid state. I made some eKpenmenta on tbu point Bismuth was 
melted and kqit at a temperature at which both solid and liquid 
metal could be present» then rods df bismuth were introduced, but 
when they had acquired the temperature of the mued mass, no adhe* 
Sion could be observed between them. By stirring the metal with 
wood, it was easy to break up the solid part into small crystalline 
granules , but when these were pressed together by wood nnder the 
surface, there was not the slightest tendency to cohere, as hail or 
snow would cohere in water The same negatne result was obtained 
with the metals tm and lead Melted nitre appeared at times to 
show traces of the power, but, on the whole, 1 incline to think the 
effects observed resulted from the circumstanrc that the solid rods 
experimented with had not acquired throughout the fusing tempera¬ 
ture Nitre is a body which, like water, expands m solidifying, and 
it may possess a certain degree of this peculiar power 

Glacial acetic acid is not merely without regelating force, but 
actually presents a contrast to it A bottle containing five or six 
ounces, which had remained liquid for many months, was at such a 
tempeasture that being stirred briskly with a glass rod crystals began 
to form in it, these went on increasing in sue and quantity for eight 
or ten hours. Yet all that time there was not the slightest trace of 
adhesion amongst them, even when they were pressed together, and 
as they came to the surface, the liquid portion tended to withdraw 
from the faces of the crystals, as if there were a disinclination of the 
liquid and solid ports to adhere together. 

Many aalts were tried (without much or any expectation),—crystals 
of them being brought to bear agamst each other by torsion force, 
in their saturated solutions at common temperatures In this way 
the following bodies were expenmented with —Nitrates of lead, 
potassa, soda; sulphates of soda, magnesia, copper, xmc, alum, borax, 
chloride of ammotunm,ferro-prtt88iate of potassa, carbonate of soda, 
aoetateof lead; and tartrate of potassa and soda, but the results with 
all were negative. 

My present conolusnm therefore is that the property is special fbr 
water i and that the view I have taken of its physical cause does not 
appear to be less likely now than at the beginning of this short 
investigation, and therefore has not sunk in value among the three 
explanations given. 



Dr lyndall added to one of hu {mpera'*', a note of mme ** On ice 
of irregular fusibility ’* indicating a causa ibr the difference obserred 
m this respect in different parts nf the same piece of ice The view 
there taken was strongly confirmed by the effects which occurred in 
the jar of vrater at constant temperature described in the beginmng 
of the preceding pageSj where, though a thawing process was set up, 
It was BO slow as not to dissolve a cubic inch of ice m six or seven 
days The blocks retained entirely under water for several days, 
became so dissected at the surfaces as to develope the mechanical 
composition of the masses, and to show that they were composed of 
parallel layers about the tenth of an inch thick, of greater and lesser 
fuBibiUiy, which layers appear, from other modes of examination, to 
have been honsoutal in the ice whilst in the act of formation. They 
had no relation to the position of the blocks m the water of my ex¬ 
periments, or to the direction of gravity, but had a fixed position m 
relation to each piece of loe 

Addendum, received April 28 

The following method of examining the regelation phenomena above 
described may be acceptable Take a rather large dish of water at 
common temperatures Prepare some flat cakes or bars of icc, from 
half an inch to anmeh thick, render the edges round, and the upper 
surface of each piece convex, by holding it against the inside of a 
warm saucepan cover, or in any other way. When two of these pieces 
are put into the water they will float, having perfect freedom of motion, 
and yet only the central part of the upper surface will be above the 
fluid, when, therefore, the pieces touch at their edges, the width of 
the water-Bur&ce above the place of contact may be two, three, or 
four inches, and thus the effect of capillary action be entirely removed. 
By plaouig a plate of clean dry wax or spermaceti upon the top of a 
plate of icor the latter may be entirely submerged, and the tendency 
to approximation from capillary action converted into a force of 
sepatatum. When two or more of such floatmg pieces of ice are 
brought together by eontact at some point under the water, they 
adhere; first with an apparently flexible, and then with a ngidadhe- 
Sion. When five or six pieces are grouped m a contorted rtiape, as 

* Pbnetophtctl Traaiaottonii p 238 
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an S, and one end piece be moTed carefully, all will move with it 
rigidly , or, if the force be enoof^ to break through the joint, the 
rapture will be with a crackling noiae, but the pieces will still adhere, 
and in an instant become rigid again. As the adhesion is only by 
points, the force applied should not be either too powerful or m the 
manner of a blow 1 find a piece of paper, a small feather, or a 
camel-hair bmsh ajiphcd under the water very convenient for the 
purpose. When the point of a floating, wedge-shaped piece of ice is 
brought under water against the corner or side of another floating 
piece, It sticks to it like a leech, if, after a moment, a paper edge be 
brought down upon the place, a very sensible resistance to the rupture 
at that place is felt If the ice he replaced by hkc rounded pieces of 
wood or glass, touching under water, nothing of this kind occurs, nor 
any signs of an effect that could by possibility be referred to capillary 
action, and finally, if two floating pieces of ice have separating forces 
attached to them, as by threads connecting them and two light pen¬ 
dulums, pulled more or less in opposite directions, then it will be seen 
with what power the ice is held together at the place of regelation, 
when the contact there is cither in the flexible or rigid condition, by 
the velocity and force with which the two pieces will separate when 
the adhesion is properly and entirely overcome 


II. " Notes on the apparent Universality of a Principle analogous 
to llegelation, on tht Physical Nature of Olassj and on the 
probable existence of Water in a state corresponding to that 
of Glass ” By Edwauu W. Braylsy, Esq, F.B.S, See. 
Received April 26, 1860 

1. Recent experimental investigations, and the reasoning founded 
upon them, have elevated the designation of an observed property of 
lee tothe character of a principle in physics Thegrowth of ciystab 
of camphor and of iodide of cyanogen, by the deposition of solid 
matter upon them from an atmosphere unable to deposit like solid 
matter upon the snrrounding glass, except at a lower temperature; 
and that of crystals in solution, by the deposition of solid matter upon 
them s^icb is not dqiOBited elsewhere lu the solution, have been 
adduced by Mr. Faradiyr to illustrate the extension of the pnneqile 
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of action which is niamfcstcd m regektion « and ** many such hke 
cases/’ he remarks, “ may be produced *’ lu luB reasoning on the 
nature of that pnnciplei he also rests on the fact, that ice has the 
same property as camphor, sulphur, phosphorus, metals. See , which 
cause the deposition of solid particles upon them from the surrounding 
fluid, that would not have been so de|K>sited without the presence of 
the previous solid portions*. 

In reflecting on these indications of the universality of the cause, 
whatever it may mtnnsically be, which is 0 ])erative in the phenomena 
alluded to, it occurred to me that the known fact of the incorpora¬ 
tion of two or more ]dates of glass into one block, presented a cunous 
parallel to the incorporation of two or more slabs or separate portions 
of ice into one mass, and to determine m what manner these sub¬ 
jects were related to each other appeared to deserve careful investi¬ 
gation. Towards this the following suggestious are offered 

Certain substances, both elementary and compound, appear to 
present, in what we term the solid state, phenomena corresponding 
to those which are presented by others in the liquid and sohd states 
and the transitions from one to the other collectively regarded, and 
indicating the existence of a condition of matter which may be termed 
arrested hquidity, but yet is not, in the most perfect sense, solidity 
Of these bodies glass is one The fact m question, which exemplifies 
m a striking manner the property here alluded to, appears to have 
been first noticed as a subject of scientific importance by MAC. 
Pouillet and Clement Desormesf It is the incorporation, mto one 
mass, of two or more plates of the kind of glass manufactured for 
mirrors, and called plate^fflasss the polished surfaces of which have 
been placed, and have remained for some considerable time, at common 
temperatures, in close contact with each other, the entire area of one 
plate being in contact with the entire area of the contiguous one,—cx* 
tensive mutual sur&ccs of contact being thus supplied. Under these 
circumstances, two, three, or four, or even a greater number of plates 
become converted into one block of glass, which it » impossible to 

* Bxp Rei. in Chsmlitry and Physics, pp 980,881 

t As far as my reading extende, it was 8nt recorded by Pouillet in his * Eld- 
mens dc Physique,’ Uv vi. eh 11 X""* ddit. Paris, 1832, tome lii p 41 (MmxelleB, 
1836, p. 292) In tlie fourth edition, Paris, 1844, it appears to be omiUed, toge¬ 
ther with other and established Acts relating both to glass and to matals. 
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wparate into the onginal plates^ and which may be worked^ and even 
cut with a diamond, aa if the whole had originally been a single mass 
In some specimens which I have examined, with the surface of one 
plate were incorporated portions of anotlier, the surfaces of fracture of 
which were alone exposed, its substance having been tom through in 
the effort to separate the united plates by mechanical force* The 
same effect took place in some experiments by Clement Desormes 

I assume it to be highly probable that the process by which the 
two plates of glass become one, is, in reality, analogous to that ol 
regelation in ice, and finally dependent on the same principles, 
whatever their true character may be conceived or shall ultimately 
be determined to be To this it may be objected, however, that 
there is no evidence, ui the case of the glass, of the previous lique¬ 
faction, or even approach to liquefaction, of the surfaces which 
become united so as entirely to disappear (or, more properly speaking, 
to be altogether obliterated), and that the phenomenon is referable 
simply to the homogeneous attraction of the molecules of one plate for 
those of the contiguous one, the evenness of the two polished sur¬ 
faces allowing them to be brought withm a very minute distance of 
one another But two remarkable facts greatly diminish the weight 
of tins objection, if, indeed, they do not entirely remove it First, 
unpolished plates of glass have no tendency to umte, the hard and 
compact siliceous film, to which Prof Faraday, regarding glass ** as 
a solution of different substances one in another,^’ long ago refemd 
its power of resisting agents generally f# end which previously bound 
together the outer molecules of each plate, must be removed by 
gnudiug and pohshinjg, so as to render the actual surfaces of contact 
those of portions of the glass the chemical nature and condition of 
which are such as readily to admit of their rapid mutual action and 
union into one mass Secondly^ the polished plates sometimes have the 
forms and configurations of the surfaces of straw and other packing- 
matenals impressed upon them (portions of straw, paper, &o some¬ 
times adhering inseparably to the after having been taken to 

* Them and other ftots of a mmUor nature I lildDced os lUuttrative of the phy- 
rioii ootore of gloM, la leetuiei on that tubetanoe delivered beCore the Pharma, 
oentlcal JSooiety of London m the year 1S45. See Pharm. Jonm vol v (Oet 
l84S)p|i.l57-lG0. 

t Phil Ttant. 1830, fixp Res in Chem and Phvs p 282 
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hot climates *)i m consequence of the soft nature of the substance 
exposed by the polishing, or of its nature being such as readdy to 
soften by a tem}»eratiire very much below that of the proper fusion, 
or even softening, of the glass m its integrity. The state of the in¬ 
terior portions of a plate of plate-glass appears, therefore, to be ainular 
to that of glass in general at certam temperatures much below its 
fusing-poiut, when it presents such remarkable characters of plasticity, 
tenacity, and ductility f 

Is It possible that a lowering of the melting-point of glass, or of tfie 
exposed intenor portions of it, by pressure, is concerned m the union 
of the two plates T The effect of the mere pressure of the atmo¬ 
sphere, ensuing upon the exclusion of the air from between the closely 
apposed plates, would of course be insignificant iii depressing the tem¬ 
perature of fusion of the glass, but the pressure occasioned by the 
cohesive force—exerted, it will be remembered, through a very small 
thickness only of the material,—which finally unites two or more plates 
into one block, would probably be adequate to any conceivable effect 
of this nature which can be required for the production of the phe¬ 
nomenon observed 

It may appear at first sight, that the fact that gloss belongs to 
that class of bodies which contract on passing from the liquid to the 
solid state, and the melting-point of which, thtrefore, would be ele¬ 
vated—not depressed—by pressure, is oiqioaed to this possibihty 
The objection would be a vahd one were we now concerned with 
glass m a crystalline state. But we are treating of that substance 
in its familiar and ordmaiy condition, into which it passes from liqui¬ 
dity by a continuous gradation of temperature, through equally 
continuous states of softness into the solid form, like melted phos¬ 
phorus and selenium. 

I am now tempted to ask, m conclusion of this part of the sub¬ 
ject, Are all cases of the union of two apparently solid surfaces of 

* These purtienUr Acts were oommunicsted to me by Mr Titc, F R.S., who had 
himself observed them 

t We are reminded by these Acts of the view taken by Person, and adopted by 
Prof. Forbes, of the similarity of the liqaeAcUon of lee to that of Atty bodies or 
of the meiab, *'aU which in melting pass through inlarmediate stages of softness 
or viscosity,’' and Sir J F W IlersUiel (Art *• Meteorology/'par 119, Enc. 
Bnt. eighth edit), when be terms rogelation a sort of welding/' appears to 
ooncttr in this view. 
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the eame substance by cohesive aitractiou. cases of meltuig and 
rogelatioD} an lufinttenmally thm film of hquid being momentarily 
produced and as instantly sdidified 7 Will two surfaces of perfectly 
dry loe^ at temperatures much below but under favourable me- 
ohamcal ctrcumstanceS} unite by mere apposition and pressure (which 
ought to follow from Prof James Thomson’s theory), and thus prove 
the identity of the acting pnnciple in the two cases of ice and plate- 
glaas^ 

The negative of the last question does not appear to be proved by 
the fact cited by Faraday and Tyndall, that dry, hard-frozen snow 
has not the property of becoming compacted into a snow-ball The 
cases seem not to be comparable, because the brittleness of the con¬ 
stituent crystals of snow when m this state, its porous nature as a 
whole, and its being consequently pervaded by air, will prevent the 
reqmred apposition of surfaces. Nor, as I conceive, is it proved by 
Prof Tyndall’s most instructive experiment of crushing a ball of ice, 
cooled by carbonic acid and ether, into white and opake hard frag¬ 
ments, for in this also the required apposition of surfaces would 
be wanting Further, it may be asked, whether this very expen 
ment does not demonstrate the bmitation of the lowenng of the 
melting- or freezing-point by pressure? and if so, there can be no 
tendency to union at 100° below freezing 

In discussing the philosophy of the union of two surfaces of glass, 
I have alluded to the theory of regelation enunciated by Prof J 
Thomson, but I wish to be understood as not adopting, exclusively, 
m these notes, any exutmg theory on the subject Admitting the 
operation of cohesive attraction and consequent pressure in the first 
instance, the phenomenon, with respect to gloss, readily admits of 
explanation by die ongmal view of Mr Faraday, which is, ** that 
a film of water must possess the property of freezing when placed 
between two sets of icy particles, though it will not be affected by a 
single set of imrticles ” If we regard the two apposed surfaces of 
glass, each consisting of a thm stratum of particles, taken together, 
as representing the film of water, then the other strata of particles 
in contact with them respectively, and niakrng up the entire thiok<» 
ness of the plate on each side, will correspond to the two sets of 
icy particles, the action of which bj freezing the film of water effects 
the union of the two portions of icc, and the phenomenon may be 
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coiiiusteutly explained in the terms of Mr Faraday’s theory. 
And here we seem to find points of coincidence between cohesive 
force, as ordinarily considered, the principle of regelation, and that 
particular view of the former which has been announced by Mr 
Faraday in accountmg for the phenomena presented by and con¬ 
nected with the latter 

2 But we are led by the preceding facts and oonsideratioDB to 
some further mferences, if not indeed to a definite hypothesis, upon 
the subject of the molecular constitution or physical nature of glass 
Mr Faraday’s view of it has been cited already, he regards glass, 
It will be remembered, ** as a solution of different substances one lu 
another.” Professor Maskelyne has suggested to me, m conversa¬ 
tion, that the physical nature of glass most probably nearly re¬ 
sembles that of a solution of a crystalluable salt in water, imme¬ 
diately before crystallizing These views are evidently coherent, 
and they harmonize with Prof. Graham’s, who defines glass, che¬ 
mically, OB mixture of silicates* ” But they all relate to the 
varieties of glass lu common use, while we are concerned, at present, 
with the abstract vitreous condition of matter, such as it is repre¬ 
sented by the phosphoric and boracic acids, probably by the heavy 
optical gloss of Faraday, by the simple glasses of felspar and pen- 
dote obtained by Charles Deville, by the glassy condition of silica, 
natural and artificial, and still more perfectly, perhaps, by the glassy 
form of sugar 

Bearmg in mind then the homogeneous, or comparatively homo¬ 
geneous, nature of these glasses, and consideriDg the uniformity of 
texture which the acoustic as well as the optical characters of p^- 
fect glass m general evince, especially when contrasted with that of 

* Tbme views of Mr Faraday, Mr. Maskelyne, and Mr Graham are confirmed 
by tlie ezpenmenial evidence of the stnicturo of gloss obtained by Lsydolt, to 
whose xeseorchei Professor W H Miller of Cambridge had the kindnesa to 
direct me By etoliing the surface of glass, he fonnd it to have a por|»hyritlo 
structure, consisting of crystals imbedded in an amorphous substance. Bat the 
peculiar characters of glam, especially its relations to sound and light, evince, as 
indicated in the sequel, that it is not a congeries of ready-formed crystals, though 
in all probability eiTStats will always be found on its surface The amof|dious 
aulistanee recognized by Leydolt wdl answer, nearly, to what 1 shall uM ** slaiple 
glaas *’ Otlier feete which ho observed are perfectly m harmony with our pre¬ 
vious knowledge of the dependence of the texture of glass u)»on the rate of 
cooling. See Complci Rendua, tome xxxiv (IB52, April 12) p 6d5. 
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cvystallue plates m the ocouattc researches of Sarart, and how 
strong^ distinguished that texture is from a crystalline texture or 
atruoturet'—« nearer analogy than that of a solution ready to cry- 
italfase* I thinkt will be found in the condition of water cooled below 
the freesing-pomt but still remaining liquid, until by a tremor, 
or the percussive contact of a solid body, or the mere contact of a 
crystal of ice, its temperature rises to 32*^ and it becomes ice li so, 
glass will be a substance in which this state of arrested liquidity, or 
potential solidity, is permanent And this inference will harmonise 
with known facts Gregory Watt proved that heat is evolved when 
mmeral glasses crystallize or become (permanently and truly) solid * 
The prepaWtion of sugar called barley-sugar is the vitreous condi¬ 
tion of that body, already taken as a type of simple glass, while 
granular sugar, and more perfectly sugar-candy, exhibit its crystal¬ 
line state Prof Graham has shown that, at a certain temperature, 
by mechanical means the former may be converted into the latter, 
the temperature quickly rising on the transition of the sugar 
from the glassy to the crystalline state. This and similar facts in¬ 
duced him to refer the peculiar constitution and properties of glass 
in general to the permanent retention of a certom quantity of beat in 
a latent state, which becomes sensible on its crystallization, and this 
will take place on its being preserved in a soft state at certain 
temperatures. 

There are some remarkable and instructive parallels between the 
phenomena of the crystallization of water, and that of glass and 
some other bodies. It follows from the experiments and inductions 
of Gregory Watt i^ready mted, that duniig the crystallizatiou of 
l^ass a higher temperature must be communicated to the interior 
than that existing over its surface, by the evolution of heat at the 
pmnts where the oiystalline form is assumed, which will be gradually 
conducted throughout the mass So that, lu the express words of 
Faraday, tn relation to ice, ** by virtue of the soUdifymg [crystal* 
Iizmg] power at pomts of contact, the same mass may be freezingand 
thawing at the same moment and the ” freezing process in the 
inside may be a thawing process on the outside,’* and thus contribute 
to the slowiiess of the coaling, and allow the crystallization therefore 
to be the more perfect. We here seem to have the explanation 
« PhU Tmni ISOl, pp 285^X90. 
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of the well-known &et, that m bodies which crystallue from a state 
of igneoua Pubiodi the most perfect cryatallme state is produced 
when the longest time intervenes between the oommenoement of 
solidification (now using that term in its ordinary sense) and the 
complete coohng of the melted mass The cases cited frcmi Mr 
Faraday at the beginning of this paper, of the growth of crystals 
(including those of ice in ice-cold water) in solutions, all have their 
exact parallels in the accretion of crystals in cooling melted glass 
** Crystals of ice,” Mr Faraday observes, ** whicb could not be colder 
than the surrounding fluid, exhibited the phenomena of regelation '* 
—that 18 , of incorporation into one —** when purposely brought in 
contact with each other ” The same thing happens Wh melted 
glass slowly coohng, in which crystalline Sfiherulcs, often forming 
spontaneously and independently, continue to form and to mcrcase, 
even after the glass has become solid as such, by the operation of a 
pnnaple ni this view analogous to regelation, until the entire mass 
has become crystalline* 

3 No crystalline body lias been longer or more extensively subject 
to human observation, than crystallized water, or ice Its natural 
history and properties, as science has advanced, have been investi¬ 
gated with moreasuig generality and precision, and they have finally 
become objects of that systematic and exact research which charac¬ 
terises the present era of physical ]nc|uiiy,—as is evinced by the dis- 

* If we should prefer to adopt Mr* Maskelyne's suggestfon in a formal manner, 
and regard gloss os resembling a solution about to crysialbee, its analogue, 
agreeably to the preceding views, wilt be a saturated solution of a salt in hot 
water, allowed to cool undisturbed, and remaining fluid, until its cohesion is 
aflketed, when ita temperature nses, end the salt crystoUiaeB, Bpedmena of gloss 
are common which have the aspect and distribution of ports of a crystolUaed uU 
in the mother-Uquori opoke crystallised spherules appearing in the midst of a 
transparent moss* To these eorrespond, among natural glasses, pitchstone and 
many examples of porphyritie obsidian^ consisting of a vitreous base in which 
Qiystals have bean formed and are imbedded 

But at the some time the view 1 have token of the subject, and Mr. Moskelyne's, 
may be equally tenable; for the state of water remaining liquid at temperotuies 
below S2**, and that of soHne solutions remaining nnorystaUised at lein]ieratures 
bdow those of solidiflotthm, ore evidently closely onalo^ns. 

Should I return to this subject, I shall refer to my friend Mr Sorby’a oUservo- 
tkms on the notore of glloes, whleh I hod not read when these notes wore com¬ 
municated to the Itoyol Society, but which ore in entire agreement with the views 
1 have suggested -*See Quart Jourii of Ucol Soc vbl. xiv. p 465 
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cittnon on i«ge1ation, to winch these notes are intended to be sup¬ 
plementary A most remarkable deficiency, however, still remains, 
apparently, m onr knowledge of this substance:— Water tn the 
vitreouB €ondtiton~lee*sf^a8$ —Aa< never been obeerved* While 
we know the antithetical vitreous state of so many different cry¬ 
stallized substances—minerals produced by heat, salts deposited from 
aqueous solution, neutral bodies of organic origin—and have great 
reason to beheve that that antitheticid condition to crystaUizatioii 
IS nuiversa], wc have no knowledge of it in relation to water or ice. 
My own attention has been awake to the subject, without success, 
for many years. It would seem to be scarcely within the bounds of 
poaaibihty that the glassy state of water, if possessmg what we term 
solidity, should not, ere now, either have been observed in nature, or 
have occurred and been recognized m expenmental research* 

1 now venture to submit the inquiry, Does this apparent deficiency 
in our knowledge exist because—to use language recently introduced 
into physical science—the komoloffue of the glassy state of water is 
not what we ordinarily term solid^because the state of water cooled 
below 32^ but still liquid is in fact the state which corresponds to 
the vitreous condition of other bodies, and to the pliysical nature of 
perfect ordinary glass? Is the one simply a case of potential soli¬ 
dity, and the other of the confluent or equivalent state of arrested 
liquidity ? 

It may be said that the homology which is here endeavoured to be 
established between liquid water below 32° and glass, is a forced one. 
That, in relation to each other, these are extreme cases is perfectly 
true, but intermediate terms of the series are not wanting, and some 
of them are suppUed by sulphur and phosphorus, and lu a remark¬ 
able manner by selenium All these bodies, when melted, may be 

* The crushed fragment! of the ball of ice cooled in carbonic aad and etlier, 
in Prof Tyndairs expenment already mentioned, which ** remained white and 
qpeke aa thoie of cruihed glaia,’' were stiU, he infonnB me, perfectly cryataUine, 
reaembhng fragments of quarts. 

The pointi of analogy between the molecular structure of ice and glass ” 
notlosd by Blr Drummond (Phil Mag, August 1859,3 4, vobxviii, pp. 108-103) 
do not involve the physical condition of those bodies, but relate m^y to the 
resemblance of one cr^tnlUsed suhstaoce (ice) to another (Reaumur's porcelain), 
and of both to a third body (bottle- and window-glass), which, from its opiM 
charaeten, is ndmed—I think ineonseqnentially—to have aiiumed a state pre^ 
paratory to crystalUutlon 
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oooled many degrees below their freczing-pointa and yet remain fluid. 
Sulphur presents, in its Tiscid form, an approach to the glassy con¬ 
dition , but It may be obtained ui the crystalline form on passing from 
a state of fusion, and when oooled below freezing, instantaneously 
crystalhzcs, like water, by mechanical disturbance 

In phosphorus also there is the viscid state, and wlien cooling after 
fusion, it passes gradually, like glass, from the liquid to the solid con¬ 
dition without crystallizing, though crystals arc deposited from some 
of ita solutions Selenium presents a state resembling the viscid 
state of the preceding substances, but when melted, and left to cool, 
remains fluid below its melting-point, and solidifies very gradually in 
its amorphous state (in which it has some of the characteristic pro¬ 
perties of glass), and a thermometer immersed m it during the cool¬ 
ing does not remain stationary at any pomt, or indicate any tempe¬ 
rature at which heat is evolved by molecular change in the substance, 
—as if the selenium passed continuously from the liquid glassy state 
to that of solid glass. At ordinary temperatures it retains this con¬ 
dition for a loug time—as common glass docs at higher, and as water 
and sulphur will at lower temperatures, but when heated again, 
between a certain temperature and its melting-pomt it becomes cry¬ 
stalline and gives out great heat* When glass is raised to a certain 
temperature, and by its maintcneiiGe is preserved in a soft state, it 
does the same 

In sulphur, phosphorus, and selenium, therefore, the fluid state 
below the temperature of sohdiflcatiou—the intermediate condition 
between fluidity and solidity—the viscid state long retained—the 

* These properties of selemnm are here stated on the authority of HittortT, 
dted in Graham's ' Elements of Chcmistiy/ second edition, voi ii pp. 088, OBtt 

The cose of vsnsdic acid strongly resembles that of selenium, hut extends this 
senes of concurrent phenomena to a range of temperatures nearly approaching 
those which govern the molecular changes of gloss It fhses at a red heat, and 
orystolUaes on cooling, but lemoins fluid below Its freezing-point. At the mo¬ 
ment solhliflcatum commenoes, it again becomes red-hot, and remains so os long 
os orystalUntion continues. 

The crystoUizstion of gloss, it has been seen, takes place at a high temperature, 
from the ordinary state of solidity, heat being evolved So the glassy variety of 
godollmte (like c^oss, a tUioate with a compound base), when its tompmUira is 
elevated above redness, remains solid, but evolves heat (beoommg incandescent), 
and cvystsUizes, while the erystolUne variety merely fuses and intnmesoes when 
slniilarly treated 
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sotid atiite of sdemum whush eroiTes heat on ciystallizing—all ap¬ 
pear to be homologneif at onoe» of liquid water below and of the 
fjkmj state of matter 

Should this bjpotherie be renfied» water below 32^ or rather^ per¬ 
haps, from the temperature of maximum density downwards through 
that of fireezing, may bare to l>e regarded as the type of the ntreoua 
condition of matter, and the causes of the peculiar characters of 
that condition, its effects on the transmission of the vibrations of 
sound and hght, the conchoidal fracture, &c , may have to be dis¬ 
covered by researches on its molecular nature 

IlL the Effect of the presence of Metals and Metalloids 
upon the Electric Conductivity of Pure Copper/' By A. 
Matthixsskn, Esq, and M Holzmann, Esq. Communi¬ 
cated by Professor Webatstonx Beoeived March 14,1860. 

(Abstract) 

After studying the effect of suboxide of copper, phosphorus, 
ars^ic, sulphur, carbon, tiu, zinc, iron, lead, sdver, gold, &c., on 
the conducting power of pure copper, we have come to the conclusion 
that there te no alloy of copper nehtch conducts electricity better than 
the p/ure metaU 


May 8,1860 


Sir BENJAMIN C. BBODIE, Bart, President, m the Chair. 


In accordance with the Statutes, the Secretary read the names of 
the Candidates recommended by the Council for Election into the 
Society, vtt.— ^ 


Frederick Augustus Abel, Esq 
Thomas Banng, Esq., M P 
John Frederic Bateman, Esq 
Edward Brown-S^quard, M D. 
Bichard C* Camngton, Esq* 
Francis Oalton, Esq* 

Joseph Henry Gilbert, Esq. 
Sir William Jardine, Bart 


Thomas Hewitt Key, Esq 
Joseph Lister, Esq. 

Rev Robert Main, M.A. 
Robert William Mylne, Esq 
Roundell Palmer, Esq., Q.C 
John Thomas Quekett, Esq. 
Edward Smith, M D 


The following communications were read — 



461 


I On the relations between the Elastic Force of AqueousVapoor, 

at ordinary temperatures^ and its Motive Force m producing 
Currents of Air m Vertical Tubes.” By W D Chownh, 
M D.f FRCP. Communicated by John Bishop, Esq 
Received March IS, I860. 

(Abstract ) 

In 18the author of this communication made a considerable 
number of experiments which demonstrated that when a tube* open 
at both ends, was placed vertically in the undisturbed atmosphere of 
a closed room, there was an upward movement of the air within the 
tube of Budicient force to keep an anemometer of light weight in a 
state of constant revolution, though with a vanable velocity An 
abstract of the results of these expenments was prmted in the * Pro¬ 
ceedings ’ of the Society for June 1855 

In order to further investigate the immediate cause or nature of 
the force which set the machmc m motion, the author instituted a 
series of fresh experiments. 

These expenments were made in the room described m the former 
commmiication, guarded in the same manner agamst disturbing 
causes, and with such extra precautions as will be hereafter explained 
The apparatus used was a tube 96 inches long and 6 75 inches 
uniform diameter, the material zinc The upper extremity was open 
to its full extent, at the lower, the aperture was a lateral one 
only, into which a piece of zinc tube 3 inches in diameter, and bent 
once at nght angles, was accurately fitted with the outer orifice 
upward. Within this onfice, which was about 5 inches above the 
level of the floor, an anemometer, described in the former paper, and 
weighing 7 grams, was placed in the horizontal position. About 
midway between the upper and the lower extremity of the tube, a 
very delicate difiPercntial thermometer was firmly and permanently 
fixed, with one bulb outdde and the other uiside, and the aperture 
throng which the latter was inserted completely closed The scale 
was on the stem of the outer bulb 
The results of a long senes of observations were recorded. The 
state of the dry and the wet bulb of the hygrometer, as well as the 
indications of the differential thermometer, was noted, in connexbn 
with the number of revolutions performed per minute by the ane« 
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mometer. While the differential thermometer indicated the same 
relative differences between the heat of the atmosphere within and 
without the tube, the velocity of the revolutions was found to vary 
considerably This variation was discovered to be chiefly, if not 
wholly, dependent on the elaaticity of vapour, due to the hygro- 
metncal state of the atmosphere, as estimated from the dry- and the 
wet-bulb thermometers, and calculated from the tables of Begnaiilt 

240 observations were recorded and afterwards separated into 
groups, ench group comprising those in which the differential ther¬ 
mometer gave the same indication 

If m either of these groups we separate into two classes the cases 
in which the elasticity was highest, from the cases in which it was 
lowest, and multi])]y the mean of each with the corresponding mean 
of the number of the revolutions of the anemometer, their product 
IS nearly a constant, thus showing that the velocity of ascent of the 
atmosphenc vapour is inversely as its elasticity. and hence it follows 
that the velocity of the ascending current m the tube vanes inversely 
as the density or elastic force of the vapour suspended m the atmo¬ 
sphere This was rendered evident by the aid of Tables appended 
to the paper 

When the mean clastic force of vapour calculated from the dry 
and the wet bulbs is multiplied by the constant. 13*83. the result 
gives the whole amount of water in a vertical column of the atmo¬ 
sphere in inches. it follows therefore that when the difference of 
temperature between the external air and that m the tube, os shown 
by the differential thermometer, is constant, the velocity of the 
current in the tube vanes inversely as the weight of the vapour 
suspended in the atn^psphere 

In an Appendix the author desenhes some additional expenments, 
inade with the view of asoertaming whether the readings of the 
differential thermometer were mainly due to actual changes of tem¬ 
perature withm the tube, or to extraneous causes aobng on the 
external bulb. He found that when the external bulb was covered 
with woollen doth or protected by a zinc tube of about 4 raches 
diameter and 6 inches long, the temperature of the bulb was 
increased about 2^ on the scale of the instrument, and that when 
they were removed the prior readmg was restored, while the number 
of revolutions of the anemometer per minute was not appreciably 
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affected by the change This explains wh} tlie readings of the dii- 
fereiitial thermometer varied from 33° 0 to 33° '> as described in the 
paper, without producing a corresponding change in the velocity of 
the anemometer 

For the purpose of obtaining a more correct estimate of the 
influence of n given increase of heat withm the tube, the author 
introduced into the tube at its lowest extremity, n phial containing 
eight ounces of water at the temperature of 100° Fahr , corked m) 
that no vapour could escape The result showed that m tliirtcc n 
observations a quantity of heat equal to an increase of one-tenth of 
a degree on the scale of Uie differential thermometer, was equivalent 
to a mean velocity of the anemometer of 3 0 rtvolutions ]>cr minute, 
the greatest number being 3 8, the kobt 3 per minute 

These observations render it still more evident, that if a higher 
temperature within the tube had been the main cause of the revolu¬ 
tions of the anemometer, the variations in thtir velocity would not 
have been in such exact relation to the elastic force of the atmo- 
spheric vapour, as has been shown to be the case They also lead 
to the inference^ that the apparent excess of heat within the tube 
alluded to by the author in his Paper read before the Society in 
1855 did not really exist, and to the conclusion that, if such excess 
had been present, the anemometer would not have been brought to a 
state of rest by depriving the air of the room of a portion of the 
moisture ordinanly suspended iti if 


ir On the Relation between Boilmg^pomt and Composition in 
Organic Compounds/' By IIbrmann Kopv, Esq Com¬ 
municated by Du Hovmann. Received March 20, 1860 

(Abstract*) 

The author was the first to ob86rve(in 1841) that,on comparing pain 
of analogous orgamc compounds, the same difference in boiling-poiut 
corresponds frequently to the same difference in composiUou Thn 
relation between boihng-point and composition, when first pointed 
out, was repeatedly denied, but is now generally admitted The con¬ 
tinued expenments of the author, as well as of numerous other 
inquirers, have since fixed many boiling-points whieh had hitherto 
\QL X* 2 k 
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remaiDed undeterminei], and corrected such as hm) been amccu- 
rately observed In the present paper the author has collected his 
experimental determinations, and has given a survey of all the faeU 
satisfactorily established up to the present moment regarding the 
relations between boiling-poiut and < omposition 

The several propositions previously announced by the author 
were.— 

1 An alcohol, Gm 11 ,i+s 02 > differing in composition from ethvlic 

alcohol boiling at C ) by ^ more or less, boils 

arx 19° higher or lower tlian ethylic alcohol 

2 The boihng-poiiit of an aiid, C^HnO^, is 49*^ higher than that 
of the coirespondmg alcohol, 

3 The boiling-point oi a compouud ether is 82° higher than the 
boiling-point of the laomeiie acid, CitHF »04 

These propositions supply the means ot calculating the boiling- 
points of all alcohols, (^nlln+sOi, of all acids, C»Hfl 04 , of all com¬ 
pound elhers, CmUii ()4 The author contrasts the values thus cal 
culated for the se substances with the available results of direct obscr 
vation The Table embraces eight alcohols, CnHn 4 ^ 209 , nine acids, 
C„Ha 04 , and twenty-three compound ethers, C«H« 04 , the calculated 
boiliug-puints agree, as a general rule, with those obtained by expen- 
ment, os well as two builing-points of one and the same substance 
determined by different observers Wc arc thus justified in assuming 
that the calculated huihng-pouit of other alcohols, acids, and ethers 
belonging to this scrus will also he found to coincide with tlie results 
of observation 

The boiling points of other monatomic alc'ohols, GaHw 02 , other 
monatomic acids, (fnllMOi, and other compound ethers, CnlIm 04 F 
are closely allied with the series previously discussed A substance 
containing xC mure or less than the analogous term of the previous 
class, in which the same number of oxygen aud of hydrogen equna- 
lentsis present, boiisorx 14° A higher or lower, or, what amounts to 
the same thing, a difference of a?ll more or less of hydrogen lowers 
or raises the boihug-point by jrx5° Thus boiusoic acid, 
boils 8 X 14° 5 higher than propionic acid, CnH^O*, or 8 x 5° higher 
than osnanthyhe amd, , cinnamatc of ethyl, bmis 

10 X 14° 5 higher than butyrate of ethyl, or 10 X 5° higher 

than pelargonate of ethyl, 
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The author compares the boihng-pointa thus calculated for five 
aleoholS|CMHiM 04 , for six acids, CttHmOi, and for sixteen compound 
ethers, CnHffl 04 , with the results of observation In almost all eases 
the concordance is sufficient 

The author deinuiistrates in the nc xf place that m many senes of 
compounds other than those hitherto considered, the elementary 
difference, likewise involves a thffei ence of r x 19° in the boil- 

uig-pomt He further shows that on comparing the boiling-points 
of the corresponding terms in the several senes of homologous sub- 
stAiices hitherto considered, many other constant differences in boiling- 
point are found to correspond to certain differences in f omjiosition 
Thus R monobasic acid is found to boil 14^ higher than its ethyl 
compound, and dV higher than its methyl compound , and this con¬ 
stant relation holds good e\ en for acids other than those previously 
examined, e q fur the substitution-products of acetic acid Also in 
substances which are not acids, thi substitution of C^H, or CgH, 
for H, occasionally inioKcs a depression of the lioilmg-pomts re¬ 
spectively of 14*^ and the relation, however, h bv no means 
generally observed 

'File author, in addition to the examples previously quoted, shows 
that compounds containing benzoyl and benzyl 

boil 78° (a=«4 X 14° 5+4 X 5°) higher than the corresponding terms 
containing valeryl (Ci^HnOJand amyl a relation, however, 

which IB likewise not generally met with He discusses, moreover, 
other coincidences and differences of boiling-points of compounds 
diffenng in a like manner lu composition Not in all homologous 
senes does the elementary difference xCalf, involve a difference of 
XX 19° in boihng-))oint. The author shows that this difference is 
greater for the hydrocarbons, Gnlln^s and C|,Hm +9 • for the acetones 
and aldehydes, CAlIttOi, for the so-called simple and mixed ethers, 
CmHa+sOi , for the chlorides, bromides, and iodides of the alcohol 
radicals, i, and for several other groups, that it is, on the con¬ 

trary, smaller for the anhydndps of monobasic acids, GMHn.jiOa, for 
the ethers, CitHn^aOs (which may be formed either by the action of 
one molecule of a dibasic acid, CnH« sOs, upon two molecules of a 
monatomic alcohol, C»Hii 4902 , or by the action of two molecules of 
a monobasic acid, upon one molecule of a diatomic alcohol, 

GffHfi 4 8 O 4 ), and several other senes 
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The author thinks that the unequal differences in boiling-points 
corresponding in different homologous senes to the elementary differ¬ 
ence orCgH,, are probably regulated by a more general law, which will 
be found when the boiling points of many substances shall have been 
determined under pressures differing from those of the atmosphere 
"From the observations at present at our disposal it inav be 
affirmed os a general rule, that m homologous compounds belonging 
to the same series, the differences in boiling-points are proportional 
to the differences in the formulee Exceptions obtain onl^ in cases 
when terms of a jinrticular group are rather difficult to prepare, or 
when the substances Ixnl at a very high temperature, at which tlie 
observations now at our command arc for the most part uncertain 
Again, it may be affirmed that the difference in botlmg-points, 
corresponding to the elementary difference is in a great many 
senes , in some senes greater, in some senes less *' 

The author proceeds to discuss the boiling-points of isomcnc com 
pounds He shows that in a great many cases isomeric compounds 
belonging to the same type, and cxhilnting the same chemical cha¬ 
racter, boil at the same temperature, aud that there is no reason why, 
for the class of bodies mentioned, this coinadence should not obtain 
generally On the otlicr hand, different boiling-points are observed 
lu iBomenc compounds possessing a different chemical character, 
although belonging to the same type (e g acids and compound ethers, 
(\nnO 4 , alcohols and ethers, C«Hn 4 sOx), and in isomcnc com¬ 
pounds belonging to different types (e g allylic alcohol and acetone). 

The author shows that the determination of the boihng-pomt of a 
substance, together with an inquiry into the compounds senally 
allied with it by their boiling-pomts, constitutes a valuable means of 
fixing the character of the substance, the type to which it belongs, 
and the senes of homologous bodies of which it is a term He 
quotes as an illustration eugenic acid The boiling-point of tins 
acid, C^H^O^fis 15(P, and on companng this boiling-point with the 
boding-pomts of benxoic acid, (boiling-pomt 253®), and of 

bydnde of salicyl, (botling-pomt 196 ®), it is obvious that 

eugenic aad cannot be homologous to benzoic acid, whilst, on the 
other hand, it becomes extremely probable that it is homologous to 
hydnde of salicyl, and consequently that it belongs rather to the 
aldehydes than to the acids proper. 



467 


The author, in conduaion, call:) atteutiou to the importance of 
cunsKiLririf^ the chemical character m comparing the boihDg*points 
oi the volatile organic baseH, and shows the necessity of distinguish¬ 
ing between the primal y, secondary, and tertiary monamines in order 
tn exhibit constant differences of boiling-point for this class of sub 
stances He discusses the boihng-poiiitH of the several bases, 
CnHr-sN and CnIIn+aN, and points out how m many cases the 
jiarticular class to which a base belongs may be ascertained by the 
determination of the boiluig-point 
The comprehensive recognition of definite relations between com 
position and boilmg-pomt is for the present chiefly limited to organic 
compounds But for the majority of these compounds, and indeed 
for the most important ones, this relation assumes the form of a 
simple law, winch, more especially for the monatomic alcohols, 
C»HmOa, for the monobasic acids, and for the compound 

ethers generated by the nuiou of the two previous classes, is proved 
m the most general manner, so much so, indeed, that m many cases 
the determination of the boiling-point furnishes most material assist¬ 
ance in fixing the true position and character of a compound 
The author points out more especially that the simplest and most 
comprehensive relations have been recognized for those classes of 
organic compounds winch ha%e been longest known and most accu¬ 
rately investigated, and that c\cii tor those classes the generality and 
simplicity of the relation, on account of numeious boiling-points in¬ 
correctly observed at an earlier date, appeared in the commencement 
doubtful, and could be more fully acknowledged only after a consi¬ 
derable number of new determinations Thus be considers himself 
justified in hoping that also in other classes of compounds, in which 
simple and comprehensive relations have not hitherto been traced, 
these relations will become perceptible as soon as the venfication of 
the boiling-points of terms already known, and the examination of 
new terms, shall have laid a broader foundation for our conclusions* 
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III Extract of a Letter fioiu Captain BlakistoNj R A, to 
General Sabive, R A , Treasurci and V P R S , dated * 
SingapoTCj February 22, I860, giving an account of a 
remarkable Ice Shower Communicated by General Sa¬ 
bine Received April 19, 1860 

*'On the 14th January, 1H60, when two daya out from the Cape 
of Gk>od Hope, about three hundred miles S S £ of it, in lat 
8 , long 20° 45' E , we encountered a heavy squall with ram 
at 10am, lasting one hour, the wmd shifting suddenly from east 
to north (true) During the squall there were three vivid flashes ot 
lightning, one of which was very close to the ship , and, at the same 
time, a ahower of tec fell which lasted about three minutes. It was 
not hail, but irregular-shaped pieces of solid icc, of different dimen¬ 
sions, np to the size of half a brick The squall was so heavy that 
the topsails were let go 

** There appears to have been no previous indication of this squall, 
for the barometer at 6 p m on the two previous days had been at 
AO 00, therm 70°, at 8 a m on the 14th, 29 82, therm 70 \ at 
10 am. (time of squall), 29 86, therm 70°, and at I p m , when the 
weather had cleared, wind north (true), 29 76, therm 6*)'', after 
which it fell slowly and steadily during the remainder of the day and 
following night 

“ As to the size of the pieces of ice which fell, two which were 
weighed, after havmg melted considerably, were 3^ and 5 ounces 
respectively , while I had one piece given me, a good quarter of an 
liour after the squall, which would only just go into an ordinary 
tumbler. And one or two persons depose to having seen pieces the 
sue of a brick 

“ On examination of the ship’s sails afterwards, they were found to 
be perforated in numerous places with small holes. A very thick 
glass cover to one of the compasses was broken 

Although several persons were struck, and some knocked down 
on the deck, fortunately no one was senously injured ’’ 

* The weather oit the morning preceding the iquaU was donded, with close and 
thick atmosphere, wind E (true), 3 By night of the 14th the wind had haoled 
to (true), 4, and the day following wu W 8.W (true), S—6, cloudy 



469 


May \i}th, 1860^ 

Sir BENJAMIN C. BKODIE^ Bart, PreBiduit, m the Chair. 

The following Gentlemen were proposed the Council tor Elec¬ 
tion 08 Foreign Members, and it was annouiuvd that they would be 
balloted for at the ensuing Meeting of the Society, viz — 

Alexander DoUiis Boche 
Hermann Helinholtr 
Albert Kulhkur 

Philippe Edouard Poiilktier dc Verneud 

The Bakenan Lecture was then delivered by Mr Fairbairn, F 11 h 

The Ijccturer gave a condensed exposition of the experiments and 
results detailed in the following Paper lie also exhibited the appa¬ 
ratus employed, and explained the methods followed 


Experimental Researches to detcimmi the Density of Steam 
at all Temperatures, and to dcteruiiiie the Law of Kxpuii* 
Sion of Superheated Stcam.'^ By W illi am Faikbaiun, T^m\ , 
F R S, and Thomas Tatb, Esq 


(Abstract) 

The object of these researches is to determine by direct experiment 
the law of the density and expansion of steam at all temperatures 
Dumas determined the density of steam at 212^ Fahr, but at this 
temperature only Gay-Lussac and other physicists have deduced 
the density at other temperatures by a theoretical formula true for a 
perfect gas 

VP^459+T . 

459+T, * • ^ 


On the expansion of superheated steam, the only expenmenU are 
those of Mr. Siemens, which give a rate of expansion extremely high, 
and physicists have in this cose also generally assumed the rate of 
expawon of a perfect gas. Expenmentahsts have for some time 
questioned the truth of these gaseous formulfe m the case of conden¬ 
sable vapours, and have proposed new formulas derived from the 
dynamic theory of heat, but up to the present time no r0Uabh direct 
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expertmenU bare been made to determine either of the points at 
issue* The authors ha^e sought to supply the want of data on these 
questions by researches on the density of steam upon a new and on* 
ginal method 

The general features ot this method consist m vaporising a Icnown 
weight of water in a globe of about 70 cubic inches capacity, and 
devoid of air, and observing by means of a " saturation gauge ” the 
exact temperature at which the whole of the water is converted into 
steam The saturation gauge, in which the novelty of the expen- 
ment consists, is essentially a double mercury column balanced upon 
one side by the pressure of the steam produced from the weighed 
portion of water, and on the other by constantly saturated steam of 
tlie same temperature Hence when heat is applied the mercury 
columns remain at the same level up to the point at which the 
weighed portion oi water is wholly vaporised, from this pomt the 
columns indicate, by a difference of level, that the steam in the globe 
IS superheating, for superheated steam mtreases in pressure at a far 
lower rate than saturated steam for equal increments of temperature* 
By continuing the process, and carefully measuring the difference of 
level of the columns, data are obtained for estimating the rate of 
expansion of superheated steam 

The apparatus for experiments at pressures of irom 15 to 70 lbs 
per squaie inch, consisted chiefly of a glass globe for the reception of 
the weighed portion of water, drawn out into a tube about 32 indies 
long llic globe was enclosed in a copper boiler, forming a steam- 
bath by which it could be uniformly heated The copper steam- 
bath was prolonged downwards by a glass tube enclosuig the globe 
stem. To heat this tube umtormly with the steam-bath, an outer 
oil-bath of blown glass was employed, heated like the copper bath by 
gas jets The temperatures were observed by thermometers exposed 
naked in the steam, but corrected for pressure The two mercury 
columns forming the saturation gauge were formed m the globe stem, 
and between this and the outer glass tube, so long as the steam in 
the glass globe continued in a state of saturation, the inner column 
in the globe stem remsined stationary, at nearly the same level as 
that m the outer tube. But when, in raising the temperature, tbo 
whole of the water lu the globe had been evaporated and die ateam 
had become superheated, the pressure no longer balanced that in 
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the outer steam-bath, and, in consequence, the column in the globe 
stem rose, and that in the outer tube fell, the difference of level 
forming a measure of the expansion of the steam Observations of 
the levels of the columns were made by means of a cathetometer at 
different temperatures, up to 10^ or 20° above the saturation pomt, 
and the maximum temperature of saturation was, for reasons deve¬ 
loped by the experiments, deduced from a point at which the steam 
was decidedly superheated 

The results of the experiments, which m the paper are given in 
detail, show that the density of saturated steam at all temperatures, 
above as well as below 212°, is invanably greater than that denved 
from the gaseous laws 

The apparatus for the experiments at pressuies below that of the 
atmosfihere was considerably modified, end the condition of the steam 
was determined by comparing the column which it supported with 
that of a barometer The results of these expenmentB, reduced in 
the same way, are extremely consistent 

As the authors propose to extend their experiments to steam of a 
very high pressure, and to institute a distinct senes on the law of 
expansion of superlieated steam, they have not at present given any 
elaborate generalisations of their results The tollowing formulse, 
however, represent the relations of sfiecific volume and pressure of 
saturated steam, as determined in their expenments, with much 
exactness 

Let V be the specific volume of saturated steam, at the pressure P, 
measured by a column of mercury in inches, then 


V=s25 C2-I- 


49513 
P+ 72 


49513 

V-2o62 


72 


( 2 ) 

(3.) 


In regard to the rate of expansion of superheated steam, the ex- 
jientnents distinctly show that, for temperatures within about ten 
degrees of the saturation point, the rate of expansion greatly exceeds 
that of air, whereas at higher temperatures the rate of expansion 
approaches very near that of air. Thus m experiment 6, in which 
the maximum temperature of saturation is 174° 92, the coefficient of 
expansion between 174° 92 and 180° is 

air, whereas between 180° and 200° the coefficient is very nearly the 
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same as that ofmr (steamairssg^f^), and so on in other cases 
The mean coefficient of expansion at zero of temperature from seven 
experiments below the pressure of the atmosphere, and calculated 
from a point several degrees above that of saturation, is whereas 
for air it is Hence it would appear that for some degrees 

above the SRturatioii point the steam is not decidedly m an at nforin 
state, or, in other words, that it is watery, containing floating vesicles 
of unvaporized water 


Table of ReeultMt ekowiny the relation of denetiy^ preeeure^ and 
temperature of eaturated eieam 
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of superheated steam takeu at diffcrcut intervals ot temperature from 
the maximum temperature of saturation 


Number 
of thr 

1< xptr 

Max temp 
of 

saturation 

TempentturrN between 
whlob the expunsion is taken 

Coefficient of 
expamrion of 
superheatf^d 
steam 

Coefficient 
of expansion of 
air 

1 

136 77 

140 

170 


vht 

2 

155 33 

160 

1*'0 


s+v 


169 36 1 

, n9 3G170 2 

rhf 

rb 

o 

, 170 2 

209 9 


iris 

\ 5 

171 48 1 

171 48 IKO 


mhs 

1 

IKO 

200 

irH 

lbs 

1 

4, 

174 92 1 

I 174 92 

180 

Tiim 

s4x 


1 180 

iOO 



7 

182 30 1 

182 3 

186 

mht 

sir 


186 

209 5 


sis 

8 

188 30 ^ 

191 

211 

irihr 

sis 

mm 


243 

249 



mm 


267 

269 



2:»7 

264 



6 

267*21 - 

268 

271 

271 

279 


T^T 

yis 

7' 

269 2 • 

271 

273 


tAs 

273 

279 


tAs ' 

9' 

279 42 ■ 

283 

285 

286 

289 


yis 

rht 

13' 

292 63 • 

297 

299 

299 

302 

ri; 

T Afl 


Hence it appears, that as the steam becomes more and more super¬ 
heated, the coefficient of expansion apfironi lies that of a perfect gas 
The autliors hope that these experiments may be continued, and that 
the results obtained at greatly increased pressures will prove as 
important as those already arrived at 


May 24,1860 

Sir BENJAMIN C. BRODIE, Bart., President, in the Chair. 

In accordance with Notice given at the last Meeting, the Bight 
Hon Earl de Grey and Bipon was proposed for election and 
immediate ballot; and the ballot having been taken, his Lordship 
was declared duly elected 

Alexander Didlas Baohe, Hermann Helmholtz, Albert Kolhker, 
and Philippe Edouard Poulletier de Temeinl were severally balloted 
for, and declared duly elected Foreign Members of the Society. 
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The following oommunications were read — 

1. a new Method of Approximation applicable to Klliptic 
and Ultia*elliptic functionsByC W Mgkiu? 1 £lu,Es(][ 
Communicated by the Rev H. Mosble r, F B S. Received 
March 26, 1860 

(Abstract) 

1 found my method on the known ])nnciple, that the geometric 
mean between two quantities is also a geometru mean between the 
arithmetic and harmonic means of those quantities 

We may therefore approximate to the geometric mean ot two quan¬ 
tities in this way —Take their anthmetic and harmonic means , then 
take the anthmetic and hariiiomc means of those means, then of these 
last means ogain^ and so on, as far as we please If the ratio of the 
original quantities lies within the ratio of 1 2, the approximation 

proceeds with extraordinary rapidity, so that, m obtainmg a fraction 
nearly equal to 2 by this method, we obtain a result true to eleven 
places of decimals at the fourth mean I name this merely to show 
tlie rate ot approximation* The real application of the method is to 
the integration of iunctious embracing a radical of the sciuare root 

Suppose ue wish to approximate to the integral of a function of 
the form X VT The function is a geometneal mean between X and 
XY If, therefore, wo obtain anthmetic and harmonic means to X and 
XY, and again to these means, and so on, it is clear that our function 
X VY Will always he between each pair of means of the senes, the 
anthmetic mean bemg always m excess, and the harmonic always m 
defect 1 now observe,— 

(1) That if the functions X and XY both increase or both decrease 
regularly with the independent vanable, the integral of their geometric 
mean will always be intermediate to their integrals, and also to each 
pair of the integrals of the denved means. 

(2) lliat the derived senes of anthmetic and harmonic means 
contain no radicals, and are therefore integrable by resolution into 
partial fractions, and that their integrals involve only logantbms or 
inverse tangents 

The last remark indicates that the method has no useful applica- 
tiou to functions of a simpler class than clhptic functions It apjdies, 
however, io all elliptic and ultra elliptic functions, and to truisoend- 
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eiitftl functions iiiuler a radical The radical must, howcTcr, not he * 
higher than the square root, for, although it he trife that if we tnkt 
the case of inserting two means between two quantities, the geometric 
will still he between the arithmetic and harmonic means, we have 
nothing to show what the second step of approximation is to be 
llie third arithmetic mean is, in the case of elliptic integrals, 
sufficiently near for woiking with seven figures The resulting foi- 
mula, in the case of the elliptic integral of the third kind, is far from 
being simpk , but it is practicable, and it requires none but tlie ordi¬ 
nary tngouonietiic and logarithmic tables This complexity is lu 
reality due to the evtrcmel) complex character of the function itself, 
as IS well known to every one conversant with its transformations 
My method becomes sufficiently simple when applied to complete 
elliptic functions of the first kind 

My own opinion is that this method aflords as easy uii ajiproxi- 
ination as the nature of the elliptic and ultra elliptic laterals, at 
least in their general form, admits,—that it is simpler than the use ot 
Jacobi’s functions O or Y, and that except in isolated cases, there is 
no advantage to he derived from the coniputntiun of tables of sucit 
auxiliary functions, so far as the mere computation of elliptic functions 
13 concerned 


II, On the Lunar Diurnal Variation of Magnetic Dcdmatiou 
at the Magnetic Equator” By John Alcan Bhoijn, 
FRS, Director of the Trevandrum Obaervatory lU- 
ceived March 28, 1860 

This variation, fiist obtained by M Kreil, next by myself, and 
afterwards by Oeneral Sabine, presents several auomahes which re¬ 
quire careful consideration, and especially a careful examination of 
the methods employed to obtain the results. The law obtained seems 
to vary from place to place even m the same hemisphere and in the 
same latitude, and this to such an extent, that, for example, when the 
moon is on the inferior mendian at Toronto it produces a minimum 
of westerly declination, while for the moon on the isfenor mendian 
of Prague and Makerstoun in Scotland it produces a maximum of 
westerly declination. No two places have as yet given exactly the 
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* »amc result , though the result for each place has been confirmed by 
the discussion of different penods 

In order to obtain the lunar diurnal action^ it has been usual to 
consider the magnetic decimation at any time as depending on the 
sun’s and moon's hour-angles and on irregular causes Thus« if 
at conjunction, be the variation due to the sun on the meridian, 
and be that due to the moon on the meridian, H, the variation 
for the sun at l\ Aj for the moon on the meridian of I’S and so on, 
it IB supposed that wc may represent the variations for a Bcries of 
days by the following expressions, where the nearest values of A to 
the whole hour-angles are given — 

1st day H'o ^A'^ H', +A', +Ajj 

2nd day 


«thday. h:+a;+< Ii; 

where sr is due to irregiUar c4iUBes, and n is the number of days in a 
lunation nearly 

Summing these quantities we baie approximately, 

2iH, . 2H, +!!> + ».,, (A ) 

and the means are, 

n,+ (l+^, H^+t+^n . (B) 

« n n 

Here the hourly means arc affected by the constant due to the total 
action of the moon on all the mendians, and by variables depending 
on disturbing causes. If, on the other hand, we arrange the senes as 
follows, ^ 


H'p +d'i, +®'o« 

H\ +A',+.i'„ 



n"a + A',-l-«?'a, 

4 


h;-+a:-‘+C'- 

h; +*" +< . 

n* +a" +»“. 


Snimning these quantities wo have, 

s;,fl+sA,+a>“’. a;,H+aA +ay“ .a;,H+2A^+ay“>(C) 


and for the means, 


. o+d^,+ 




(».) 
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In this case B is the mean oi ri—l observations^ of which 24 give 
tlie true means for the total solar influence, and the remaining a—25 
being equally distributed through the hour^angles also give the mean 
approximately 

Instead, however, of combining the observations ui this way, the 
tnllowiiig method has been preferred Let, iii the quantities (B), 


Th(.. II „ + ^ _ (lij= 

11 ".+ A"„+ r",- ( 11 ,)= r„+ 


KV +a:-+.:,--(iu«a:-+(.; ')=rf 

Summing the last two cidunins, we ha\c 

4 (-') 


rt-I 

0 


Similarly wo obtain 




ad, 

-r=»^i + ——and 80 on 

«— 1 * ' 


«—1 


It will be observed that m these summations there arc two assiimp' 
tions, one, that the lunar diurnal law is constant throughout the 
lunation, or senes of lunations, for which the means are obtained, or 
that the quantity (L in the expressions (B) is constant If this be 

not exact, then the quantity _ will contain the vanation due to this 

cause, and depend in part on the lunar hour-angle, so that the mean 
(II) which IS employed m taking the differences will ebrnmate part 
of the lunar action and partially distort the law The other assump¬ 
tion IS that the mean solar diurnal vanation, rejiresented by (H 0 ),(H,) 
, 18 nearly constant throughout the penod, for, if not, the dif¬ 
ferences due to such changes might be sufficient to mask any lunar 
law, the latter having a small range compared with the former 
Also It should be remarked that the means &c are comhined 

with the irregular effect ^ 
fi—I 


This eff^, as far as it is due to 
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disturbance, we know obeys a solar diurnal law, and if independent 
of lunar action, a sufficiently large senes of observations might suffice 
to eliminate it, as combining with and forming part of the regular 
solar dturtial variation If, however, the senes is not very large and 
the irregular disturbance considerable compared with the variation 
sought, it may be desirable to omit or modify the marked irregii- 
lanties 

As regards tlie first assumption referred to above, the results 
obtained hitherto seem to show the error to be small, and the only 
way to determme its amount will be to consider it zero in the first 
instance, and thereafter a more accurate calculus may be employed 
For the second assumption, it is certain tliat the solar diurnal law 
vanes considerably in some cases within a lunation At the mag¬ 
netic equator, for example, the law of magnetic dcdinatiou is inverted 
withm a few weeks near the equinoxes The attem}>t to correct the 
error due to considerable change in the solar diurnal variation by 
taking the means, as has been done, from shorter penods than a 
lunation, is liable to the senous objection that the resulting hourly 
means are affected unequally by the lunar action, so that the sums 
(A) take the form, 

where the second term lu each expression is a vanable In the 
disciUNUon to which I am about to allude, the following plan has been 
followed The hourlj means for the following senes <s( weeks were 
taken, namely— 

m, from Ist, 2nd, 3rd, and 4th weeks of the year 
m, )* 2iid,'3rd, 4th, and 5th „ „ 

3rd, 4th, 5th, and 6th „ „ 

The means of and were then taken as normals for the 3rd 
or middle week, of and as normals for the 4th week, and so 
on * these means were then employed for the differences from the 
corresponding hourly observations of the weeks to which they 
belonged 

With reference to the irregular effect, it is evidently desirable that 
we should know in the first instance whether it may not be a fimehon 
of the lunar, as well as of the solar, hour-angle, for this end it is 
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essential iii the first instance to obtain the result meluding all the 
supposed irregular actions, and afterwards to eliminate these in the 
best manner possible 

In the discussion of the Makerstoun Ohscrvations 1 had substi¬ 
tuted for certain observations, which gave differences from the mean 
beyond a fixed limit, values derived by interpolation from pre¬ 
ceding and succeeding observations General Sabine in his discussions 
has rejected wholly the observations which exceeded the hmit chosen 
by him The omission of observations accidentally or intentionally, 
and the taking of means without any attempt to supply the omitted 
observations by approximate values, require consideration , 

Let m be the true hourly mean for an hour A, derived from the 
complete senes of n ohsen ations, let m! be the mean derived from 
observations, one observation o being accidentally lust, then 



tn^m! 



m' 


tt^l 


If, however, we supply the omitted observation bj an interpolation 
between the preceding and succeeding observations, and if the mter- 
polated value be c-f we have 


-» 

n 


The comparative errors of m* and are therefore 

o—m , r 
—r and- 
n—1 n 

We may for any given class of observation determine the mean values 
of these errors 

Example!—At Hobarton, in July 1846, the mean barometer 
for (Hobarton mean time) was 29 848 in*, and the mean differ¬ 
ence of an observation at that hour from the mean for the hour was 
0 403 m., if an observation had been omitted with such a diAsrence, 
or for whicli c—mssO 403 in,, we should have an error m the nsultmg 


mean of ^=0 016 in., and the error might have been twice as 
^reat had the observation with the greatest difference been rqeoted. 
If we now seek the error of nf\ where the observation is mterpolated, 

VOL, X. 3 L 
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we shall And fbr the same month that the mean value of 005 in 
nearly, whence the error error 

would never exceed 0 001 m A similar though less advantageous 
result will be found in all classes of hourly observations 

In the case where observations are rejected which differ from the 
mean for the corresponding hour more than a given quantity^ let 
us suppose^ to simplify the question, that the siims of n—1 out of 
n observations for each of two successive hours are each equal M, 
and that the observations for the same hours of the nth day are 

raspectively «i'-f ^ and where I w the hmit 

beyond which observations arc rejected, and .r is the excess of the 
observation to be omitted The means retaining all the observations 


are. 


n 


L 

n 


--- 


but if we reject the observation m^+l+n, we have 

M_, 


It 18 assumed that ni/—(any other hvpothesis of variation 
would give the same Anal result), and therefore the error of the 
change from the Arst hour to the second, when all the observations 


are retained, is -, but if tlie observation be rejected, the change is 





I 

n 


This error, therefore, will be greater than the other if I , so that 
the error in the resulting change Arom one hour to the next will he 
less by retaining an observation than by rejecting it, if the difference 
ftom the preoedmg observation be not greater than the difference 
from the hourly mean; that this will most frequently be the case 
will be obvious from the following fact *—^At Makerstoun, in 1844, 
at 1 A M the number of observation!^ which exceeded the monthly 
means by 9 and less than double that, or 6', was 99, while the whdle 
number which exceeded by more than 6^ was only 16 
It will be evident also that the difference I of an ohservation ftom 
the corresponding hourly mean may not be due to irregular causes; 
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or to caiues which affect the changes from one hour to the next in n 
]>erceptible manner, but to gradual and regular daily change If we 
examine the daily means moat free from irregular or intermittent 
disturbance, we shall find that they vary plus or minus of the monthly 
mean, if the difference amounts to I m any case, then the whole 
observations of the day may be rejected though they follow the nor¬ 
mal law By taking a proper value of I this case ma^ not happen fre¬ 
quently,but cases like the following will At Ilobarton the daily means 
of magnetic declination differ in some months from the monthly means 
by 2'*0 nearly, as the limit chosen by General 8abine is 2* 4, any 
observation in such days differing by 0' 4 from the normal mean 
would be rejected The 25th and 26th days of March 1844 had 
been chosen by me as days free from magnetic disturbance, and fol¬ 
lowing the normal law at Makerstouii (Mak Ohs 18H, p 339), 
yet the means of horizontal force for these days differed 0 00064 and 
0 00075 from the monthly means, had the former quantity been 
the limit, all the observations on these days might have been rejected 

Altogether It appears to me that the method ot rejecting observa¬ 
tions beyond certain limits should not be employed at all, or if 
employed, only when interpolated observations are substituted, and 
that this interpolation should constitute a second part of the discus¬ 
sion, the first including all the obseriatioiu* 

These considerations may appear somewhat elementary, but it is 
essential that results which present such anomalies as the lunar 
diurnal vanadon of magnetic declination should be obtained m a 
manner the most free from objection, even though the objections 
should touch on quantities of a second order compared with those 
obtained 

The discussion of which 1 now proceed to note the results, 
includes all the hourly observations without exception, maxle in the 
Trevandmm Observatory (within a degree and a half of the magnetic 
equator) durmg the five years 1854 to 1858, the second part of the 
discussion, in which days of great magnetic irregularity have been 

* I should aote here tny belief that a peculianty noticed by General Sabine in 
bis discussions as requiring explanation, namely, that the exoursiona of the dedi- 
nation needle east and west in the lunar diurnal variation have very diflorent 
megnltudes, is doe to the rejection of observations, while the means by whieh the 
diShrenees were obtained itwlnded the rejected quantities 


2l2 
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wholly rejected^ not being completed^ I shall reserve the details for a 
more formal communication to the Royal Society The results 
obtained are as follows 

1 st At the magnetic equator the lunar diurnal law of magnetic 
dechnation vanes with the moon's decliimtiun and with the sun's 
declination. 

2 nd This vanation is so considerable that the attempt to combine 
all the observations to form the mean law for the year gives results 
that are not true for any pcnod Hence evidently the impossibility 
of relating tlie laws at different ]>laces The so-called mean law foi 
the year at Trevandrum obtained for the moon furthest north, on the 
equator going south, furthest south, and on the equator going north, 
consists of three maxima and three minima,—a result wholly false, 
excepting as an arithmetical operation due to combination of very 
different laws 

3rd The lunar diurnal law \ anes chiefly with the position of the av», 
the vanation being comparativclv small with the position of the moon 

4th At the magnetic equator the range of the variations is mark¬ 
edly greatest in the months of January, February, November and 
December, or about perihelion 

The following results arc denved after grouping the means for differ¬ 
ent positions of the moon in penodsofsix months, October to March, 
and April to September, they are therefore, fur the reason given in 
the 2nd conclusion, not quite acenrate, but the change of the law from 
mouth to mouth will be followed when the detaib are presented to the 
Society The following will give a general ulea of the changes — 

5th When the tnoon^ Jvrtheet north 

a About penhehon The lunar diurnal law of magnetic declina¬ 
tion consists of two msrxtffia* when the moon is near the upper and 
lower meridians, the maximum for the latter being much the great¬ 
est, of the two minima at intermediate epochs, that for the setting 
moon IS the most marked 

h About aphelion The law consists of two nearly equal mtiuma 
near the upper and lower transits. of the two mtermedute maxima, 
that near Ae moonset is the most marked 

e. Thus the law about the winter solstice is inverted about the 

* The decUDStion is easterly at Trevaadrum, and the maxima indicate greater 
eetierijf declination 
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summer solstice, and the one law passes into the other at the epochs 
of the equinoxes, exactly aefot the Bolar dtumal rann^ton 
6 tli For the moon on the equator yotny couth 
a About perihelion The Innar dinrnal law consists of two 
nearly equal maxima near the superior and inferior transits of the 
two intermediate minima, the moonset minimum is by far the most 
marked 

h About aphelion The law consists of two nearly equal minima 
near the superior and inferior transits of tlie two intermediate 
maxima, that near moonnsc is by far the moat marked 

e 111 this case also the laws for the solstices are the opposite of 
each other, and the one law passes into the other near the epochs of 
the equinoxes 

7tli For the moon furthest south 

a About perihelion The lunar diurnal law consists of maxima 
near the upper and lower transits, that at the upper transit being by 
far the most marked of the intermediate minima, that near moon- 
set IS the greater 

h About aphelion The law consists of two minima, the most 
marked at the inferior transit, the otlur about three hours before the 
superior transit, and of two equal maxima, one near moonrise, the 
other near the superior transit, but varying little till d liours before 
the inferior passage 

c In this mstance the inversion is not so complete as m the other 
cases , this, it is believed, will be found to be due to the fact that the 
change from one law to the other takes }>lai*e after the vernal and 
before the autumnal equinox , so that m the means for six months, 
from which the above conclusions are drawn, the lunations following 
the law 0 are combined with those belonging to b 
6 th The moon on the equator yotny north* 
a About penhehoTi The lunar diurnal law consists of two nearly 
equal maxima when the moon is near the superior and inferior meri¬ 
dians , of the two Intermediate minima, that near moonrise is by hr 
the most marked 

b About aphehon. The law consists of two mimma at the infe¬ 
rior and superior transits, and of two maxima, the greatest at moon- 
set, the other between the meridians of Id'^and 21*^, belif0Sh these 
pointi there is an inflexion constituting a slight minimum, - 



484 


c Id tins case also the opposittoD of the laws is sufficieDtly well 
marked, the only divergence from opposition being that duo to the 
minor minimum about the meridian of 19^due) it » believed, as 
noted 7th e, to the partial combmahou of opposite laws m the 
aphelion half-year 

9th. It will bo observed that the variations of the law with refer¬ 
ence to the moon’s declination for any gxren penod of the year^ con¬ 
sists chiefly in the difference of the relative values of the maxima and 
minima, the differences of epochs being small Thus for perihelion, 
the moon furthest north, the pnncipal maximum occurs at the infe- 
nor passage, the moon on the equator going south, the two maxima 
are nearly equal, the moon furthest south, thc^ maximum at the 
supenor passage is by far the greatest on the equator gomg north, 
the two maxima are agam nearly equal, and so on for other epochs 

loth The moon’s action is chiefly, if not wholly, dependent on 
the position of the sun, or (which is the same thmg) on the position 
of the eaKh relatively to the sun, and the law of the lunar action at 
the magnetic equator resembles in some points that for the solar 
action at the same epochs Thus about aphehon tliere is a mimmum 
of easterly (maximum of westerly) dechnation produced by the lunar 
action, as well as by the solar action, for these two bodies near the 
supenor mendian, whereas about penhehon both actions for the 
sun and moon near the superior meridian produce maasima of easterly 
declination. A like analogy holds for near the epochs of sun¬ 
rise and moonrise 


IIL Fostsrnpt to a Paper On Compound Colours, and on the 
Relations of the Colours of the Spectrum '' By J, Clurk 
Maxwell, Esq. Communicated by Professor Stokes, 
Sec. R.S. Received May 8, 1860 
(Abstract ) 

Aecmnt ofEs^ermente on the Spectrum ae eeen by the Colour-blmdn 
The instrument used lu these observations was nmilar to that 
already described. By reflecting the ligKt back through the prisms 
by a concave mirror, the instrument is rendered mucdi 

shorU^^il^ more portable, while the definition of the 3|iectfuin » 
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rather improved. The expenments were made by two colour-bliad 
obserrerg, one of whooif however^ did not obtam aunbgbt at the 
time of observation The other obtained results, both with eloud- 
light and sim^ligbt, m the way already described. It appears from 
these obscrvatioua— 

1. That any two colours of the spectrum, on opposite sides of the 
line r," may be combined m such proportions as to form white 

II That all the colours on the more refrangible side of F appear 
to the colour-blind “ blue,” and all those on the less refrangible side 
appear to them of another colour, which they generally speak of as 

yellow,” though the green at £ appears to them as good a repre¬ 
sentative of that colour as any other part of the spectrum 

III That the parts of the spectrum from A to £ diiFer only m 
intensity, and not m colour, the light being too faint for good expen- 
ments between A and D, but not distinguishable in colour from £ 
reduced to the same intensity The tnaxtntim is about ^ from D 
towards £ 

IV Between £ and F the colour appears to vary from the pure 
**yellow” of £ to a ^•neutral tint” near P, which cannot be distin¬ 
guished from white when looked at steadily 

V At F the blue and the yellow ” clement of colour are in equi- 
hbnum, and at this part of the spectrum the same blindness of the 
central spot of the eye is found m the colour-blind that has been 
already observed m the normal eye, so that the brightness of the 
spectrum appears decidedly less at F than on either side of that hne, 
and when a large portion of the retuia is illuminated with the light 
of this part of the spectrum, the Itmbus luteus appears as a dark 
spot, moving with the movements of the eye. The observer has not 
yet been able to distinguish llaidinger's ** brushes ” while observing 
polanaed light of this colour, in which they are very conspicuous to 
the author. 

VI Between F and a point j from F towards G, the colour appears 
to vury from the neutral tint to pure blue, while the brightness m- 
creases, and reaches a maximum at ^ from F towards G, and then 
dimimshes towards the more refrangible end of the speotrum, the 
punty of the colour being apparently the same throughout. 

VII. The theory of colour-blind vision being “ ibcAromio,” is coki- 
firmed by these expermumts, the results of which agree with those 
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obtained already by nonnal or *' ^Aromte ” cyea, if we suppoae the 
** red element of colour ebminated, and the “ green and blue 
elements left as they were« so that the red-mahng nrys/* though 
dimly Tisible to the dichromic eye, excite the sensation not of red 
but of greetii or as they call iti yellow *’ 

VIII The extreme red ray of the spectram appears to be a suf¬ 
ficiently good representative of the defective element in the colour¬ 
blind When tbe ordinary eye receives this ray, it experiences the 
sensation of which tbe dichromic eye is incapable, and when the di¬ 
chromic eye receives it, the lununous effect is probably of the same 
kind as that observed by Helmholtz in the ultra-violet part of the 
spectrum^-a sensibility to light, without much appreciation of colour 

A set of observations of coloured papers by the same dichromic 
observer was then compared with a set of observations of tbe same 
papers by the author, and it was found— 

1 That the colour-blnid observations were consistent among them¬ 
selves, on the hypothesis of two elements of colour. 

2 That the colour-blind observations were consistent with the 
author's observations, on the hypothesis that the two elements of 
colour in dichromic vision are identical with two of the three elements 
of colour m normal vision 

3 That the element of colour, by which the two types of vision 
differ, IS a red, whose relations to vermilion, ultramarine, and emerald- 
green are expressed by the equation 

D»1 I98V+0 078U-0'276G, 

where D u the defective element, and V, U and G the three colours 
named above. 


IV. Report to the Royal Society of the Expedition into the 
Kingdom of Naples to investigate the circumstances of the 
Earthquake of the I6th December 1857/' By Robkbt 
Maijust, Esq., C.E., F.R,S. 

(Abstract ) 

The region exammed m this expedition, embraces, in its widest 
extent, most of the countiy between a hne drawn from Tmacuia to 
Gargano on the north, down to the Gulf of Tarentum on the south* 
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The earthquake, the greatest that has occurred in Italy ftnce that 
of 1783, was felt over nearly the whole of the Peninsula south of 
Terracina and Gargano Its area of greatest destruction (the 
mcizoseismal area), within which nearly all tlie towns were wholly 
demolished, was an oval whose major axis was m a direction N W 
and 8 £ nearly, and about 25 geog miles m length by 10 geog 
miles m width The first isoseismal area beyond this, within which 
buildings were everywhere more or less prostrated and people killed, 
IB within an oval of about 60 geog miles by 35 geog miles, 
the second isoseismal is also an oval within which buildings were 
everywhere fissured, but few prostrated and few or no hves lost 
The third isoseismal embraces a greatly enlarged area, witbin whicb 
the earthquake was everywhere perceived by the unassisted senses, 
but did not proiluce injury A fourth isoseismal was partially 
traced, within which the shock was capable of being perceived by 
instrumental means, and which probably reached beyond Rome to 
the northward 

The author divides his Report into three parts In the first he 
has developed the methods of investigation which he pursued for 
the purpose of finding the directions of movement of the wave of 
shock at vanous points, and thence to determine—1st The point 
upon the earth’s surface vertically over the centre of effort or focal 
point, whence the earthquake impulse was dehvered, 2nd, the 
depth below the surface (or rather sea-level) of the focal point itself 
The line passing through both these points he calls the seismic 
vertical The author points out, that of the three elements of the 
earthquake-wave, vw the velocity of transit, the velocity of the 
ware-porticle (or wave itself), and the direction of motion at each 
punt of the seismic area, the first alone in other instances has 
hitherto been attempted to be determined, the velocity of the wave 
and that of its transit being apparently confounded, and any attempt 
at direction confined to the apparent path on the surface* He then 
shows that every displaced object » in fact a seismometer, and that 
the displacement of regular bodies, such as bmldings or their parts, 
may be made, by examination of tbeir conditions after the shock, 
and the application of the principles of dynamics, to give precise 
information as to the true directions in asimuth and angles of emer* 
gence at various points of the wave, and its velocity at those punts. 
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The effects produced, which arc mainly available for such deter- 
tninations, he shows are divisible into four great classes —Ist. Fis¬ 
sures or fractures produced in buildings, from whose direction, &c 
that of the wave-path at tlie point may be discovered under this 
head the author has minutely described and figured the forms and 
peculiarities of firactures produced in all classes of buildings m the 
region examined. The principles deduced being univerBally appli¬ 
cable, he has shown the choice and precautions, as to those best 
fitted for smsmic observation, and given formulas for the deduction 
of the wave-paths, t e the direction in which the wave movement at 
the point emerges Velocity may also be determined from fissures, 
but this 18 more accurately ascertained from, 2nd, the overthrow 
of bodies, such as columns, piers, walls, &c , either fractured at their 
bases or simply overturned 3rd Fractures at the base without 
sensible movement, or with oscillation within an observed arc short of 
overthrow 4th The displacement of bodies by throw or projection, 
such 08 vases, finials, balustrades, bells, coping-stones, tiling, &c firom 
elevated pomts, in which, where the vertical height fallen, and the 
horizontal range ore observed, the velocity can be detemuned or the 
direction of the wave path and the angle of emergence of the wave, 
—certain cases all of these classes of displacement may occur 
variously combined All these resolve themselves into fracturing 
forces, the movements of compound pendulums, and those of pro¬ 
jectiles , and in arranging the formulae for application, the author 
acknowledges the important assistance rendered him by his friend the 
Rev 8 Haughion, Professor of Geology in the University of Dublm 

The author concludes the first part by a description of the cha¬ 
racteristics of the towns and cities, buildings, See in the region 
examined, of the physical features, the orographic and surface con¬ 
figuration, and the geological structure of the south of Italy as em¬ 
braced m his investigation 

The second port embraces the application of these methods of 
investigation, and the complete detad of the observations made by 
the au^or in his journey from point to jioiiit,—the working out at 
many separate points of the directions of the wave-paths and angles 
of emergence and wave-velocities,—^the explications of the nomerous 
•and firequently singular and at first apimrently perplexmg mreum- 
stanoes, producing abrupt changes in the local mtensity of smmic 
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effects observed,—the description generally of the places examined 
aod phenomena observed, embracing many examples of fissures iii 
earth or rock, folk of rock, landslips, changes of water-courses, &c , 
and the explanation of their conditions,—the observations con¬ 
tinually made to correct the magnetic declination for the observa¬ 
tions of wave-path by compass,—the hypsometric determinations by 
the barometer of many pomts of elevation,—-geological sections 
over certain parts of the country examined,—^the time observations 
obtained for determination of transit velocity The descriptions are 
illustrated bv numerous sketches made by the author on the spot, by 
diagrams and topical maps, and by a large senes of photographs, made 
under the author's instructions, by a photographer who followed in 
hts track 

In the appendices to this part the author has given translations 
ot all the notices that appeared in the * Giornale llcale' (the only 
Neapohtau newspaper), of the events of the shock, with tables of 
the meteorology of Naples, from those of the Royal Marine Obser¬ 
vatory, for certain penods before, durmg and after the shock, also 
returns of the population, area, damage, deaths and number of 
wounded persons in the shaken provmces 

In the third and condudmg part the author colligates all his facts, 
classifies them, and draws his conclusions and generalizations under 
the following heads *— 

a. The superficial position of the seismic verticals This, the 
author shows from the independent and concurrent evidence of above 
70 separate wave-paths, was close to the village of Gaggiono, near 
the £ extremity of the valley of the Salaris, the evidence being 
of a highly cumulative character, as the intersection of two wave- 
paths only IS sufficient to determme this pomt 

b The depth of the focal point bdow the sea-level. This, the 
author shows, was about geographical miles, t. e the mean focal 
depth. 

e. The forms and areas of the meizoseismal and the sevend 
isoseismal curves. These have been kid down by the author upon 
three large maps, protracted from Zaunom's great map of the 
kingdom of the Two Sicilies, upon a scale of more than half an inch 
to the geographical mile. 

Of these, the map A shows the vtave-paihs as determined in 
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luamath, and their close coneurrenoe at the seismic Tertical, the 
position of all the points of observation, and the axial hnes of the 
great mountain ranges The map B gives the physical features of 
the country, end the four drst isoseumal curves, distingiushing the 
injuries done to the numerous cities and towns, &c by separate 
colours Upon both maps the probable horizontal form of the focal 
cavity is marked, which coordinates with the existing lines of dis¬ 
location of the country in a remarkable manner The map C gives 
the whole of the isoseismals for this earthquake, and compare*) them 
with the corresponding scismal curves (so far as these can be obtained 
from the narratives), for a number of the greatest earthquakes on 
record which have occurred in the Italian Peninsula, including that 
of 1783 

ti The effects of the physical configuration of the surface and 
formations beneath, on the progress of the wave of shock, are dis¬ 
cussed, and the peculiar oval forms and the directions of the major 
axes accounted for 

e. The effects are pointed out, of the form and jiosition of the 
focal cavity in modifying the distance of transmission of the wave of 
given effort in different directions 
/ Applies the results to showing the actual conformity of the 
isoseismal curves to the principles enunciated 
ff Under this head the author explains the nature of the separate 
system of wave-paths for Naples City, and the surrounding district, 
which only received the shock by transmission of refracted and trans¬ 
versal waves passed through the Monte St Angelo range of moun¬ 
tains, with entire cliange of direction 
A. Colligates the fiiets ascertomed as to the sounds heard with the 
shock at vanouB points round the seismic vertical, and points out the 
remarkable relations that the prolongation of the sound more or less 
at different points bears to the direction in length and in depth of 
the focal cavity, and generally the causes of the diversity of sounds 
heard at various points around earthquake centres 
t Disousses and points out the nature and correspondence with 
the dynamic laws of wave motions, of the.tremors that preceded and 
fbllosmd the great shock, and generally the causes inducing such in 
all earthquakes. 

A. Refers to the ascertained phenomena of reiterated or double 
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shock at oertam places, and points out the combinations, having 
reference to surface conhgiiration chiefly, producing such from a 
single central impulse 

Under the section /, the whole of the preceding information is 
combined, to deduce the dimensions, form and subterraneous position 
of the focal cavity, which the author shows to have been a curved 
lamellar cavity or fissure of about 3 geographical miles in depth by 
9 geographical miles in length, with an inciined vertical section, and 
a mean focal depth (or depth of its central point of surface) of 
geographical miles below the sea 

In section m arc discussed, upon the data of hypogcal increment of 
temperature (os supposed to be ascertained from deep mines and arte¬ 
sian wells), the necessary temperature of the focal cavity, and the in¬ 
tensity of the force that acted withm it to produce impulse, assuming 
that to have been due to steam at high tension, either suddenly 
developed or suddenly admitted into a fissure rapidly enlarged hj 
rending 

n Deduces the amplitude of the wave and the work stored up m 
It oil reaching the surface, and compares the funner with the observed 
amplitudes 

0 Deduces the velocity of transit of the wave of shock upon the 
surface, from the most trustworthy of the observations of ttme at 
vanouB localities Tfiese are found to correspond with considerable 
exactness, and give a transit rate of between 700 and 800 feet per 
second, as that at which the wave form was propagated from point 
to point, differing with change of formation by amounts stated 

p. Deduces the velocity of the wave itself, t e that of the wave 
particle, which is shown to have been in round numbers between 13 
and 14 feet per second (in the direction of the wave-paUi) A 
remarkable relation is pointed out between this velocity and that 
recorded for the earthquake of Biobamba, the greatest whose e£Peets 
have been observed* The height due to the velocity of this wave is 
to the altitude of Veauviiu as that due to the velocity recorded of 
the Biobamba wave is to the mean height of the volcanic shafts of 
the Andes, and more especially to the height of the volcamc vents 
nearest to Biobamba Tlie author pomts out that the direct alttiude 
of a volcano is the true measure of the volcanic and seismic energy 
beneath it, and not its volume, which is a measure both of energy 
and time combined 



Uivler section q, be discusses the tacts ascertained hj him» as to 
the decay of the ware of shock in relation to superficia] distance 
from the seismic vertical The amplitude of the wave slowly and 
shghtly mcreasesi and its velocity decreases The observations are 
not snfHcient to admit of certain deduction as to what function of 
tlio distance the law of decay follows The lowest velocity at nearly 
30 miles from the seismic vertical was still about 1 ] ^ feet per second 

Under r, tbe author has discussed systematically the facts ascer¬ 
tained as to the local disturbing causes producing abrupt perturba¬ 
tions of the wave of shock, and shown that they are — 

1 st Retardation by great fissures or faults, or deep valleys of dis¬ 
location , the effects of these, at about Muro and Bella, amounting 
almost to sudden extinction of the wave 

2ud Alternate cutting off and partial extinction by parallel 
chains of mountains, and the effects of multiplied unti- and syn¬ 
clinals 

3rd Increment and reduphcation, with or without change of 
wave-path, by local reflection from mountain masses* 

4th Effects of freo-lymg surfaces (flanks and extremities of 
mountam ranges) and nodal points, and production of intersectmg 
secondary shocks, and sudden reductions of energy by entrance of 
tbe wave to greatly mcreased masses. 

5th. Effects of formation (geological), of change from one to 
another, &c. 

6th Effects of position of towns and cities on plain and hill, rock 
or loose matenal 

Towns on steep rock eminences, such as Saponara, are shown to 
have suffered from aiv extreme conjoint velocity, viz that of the wave 
itself, and that of tbe hill-top, oscillating as an elastic pendulum. 

Of all these modifying conditions, external contour of surface, and 
more especially the forms and directions, &c of mountain masses 
and deep fissures, are shown to be the most efficient. The value is 
shown of contoured map^ models, or other snoh means of directing 
the mind to the true figure of the country, m seismic researches. 

In tbe section a, the author arrangps and discusses the fiwts 
observed by him, as to secondary effects produced by the earthquakes, 
under the heads of—- 

1 . Earth fissures and landslips. These are m directions generaEy 
more or less transverse to the wave-paths, but conform to and are 
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determined by the dip or slope of the subjacent beds of rock Earth 
fissures are never produced by the direct passsage of the wave of 
shock* They are a mere secondary result, and are no more than 
incipient landslips 

2 * Rock shatteniig and falls. 

3 Alterations of water-courses, muddying of springs, Ac., all of 
which are shown to be due to the secondary effects of landslips into 
their beds, falls of partially loose rock therein producing ponding up 
and subsequent debacle 

The total modifying (ffects on the earth's surface arc shown to be 
msignihcaiit 

No great sea-wave accompanied this shock, nor was such possible, 
the focal point being inland The author examined with care more 
than 1 .'iO miles of sea-coast, as well os nver-eourses, for evidence of 
any permanent elevation of land having taken place concurrently 
with this earthquake, but found none Earthquakes cannot produce 
elevations, although the latter have been known to have taken place 
about the same time as earthquakes and in the same region 

t Discusses the meteorological phenomena, l>oth dunng the earth¬ 
quake or directly after it, and for a prolonged penod before it. 
Some remarkable relations are pomted out between the disturbance 
of the annual rainfall previously and the occurrence of shocks. 

The physical conditions concerned ui widely alleged unusual 
meteoric light, diffused over the central portion of the shaken region 
at the night of the shock, and of the occurrence of oppressive heat, 
&c., are discussed, and under u, the premonitory and other effects on 
lower animals, of nausea in men, &c, are considered 
V. Points out that the method of investigation pursued, enables 
deductions even now to be drawn from ancient fissures, &c., as to the 
focal centres of earthquakes ocenmng at very remote periods In 
map D, the Imes of loci of the focal pomts for the whole of the 
Italian peninsula are, as far as practicable, laid down, and their 
general connexion with the seismic bands of the Mediterranean 
Basin (as deduced from the British Association Earthquake Cata¬ 
logue, and its accompanying Seismological Map of the World) ia 
pointed out, and some general relations both of the unequal distri¬ 
bution of the pomts of greatest energy along these seismic bandit 
and of the unequal evolutum of energy at the same points, in long 
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penoda of time, to the oommon origin of Toloamc and aeiamio force, 
and ita nature^ are pointed out 

Some obaervationa of a practical engineering character are added, 
as to the proper construction of houses, 8cc in earthquake oountnos, 
by which the author is satisfied that the disastrous loss of bfe at 
intervals recumug might be avoided In conclusion, the author 
returns thanks to various individuals for co-opcration in the objects 
of his expedition, and most especially to bis friends Dr Robinson, 
Prof Haughton, General Sabine, Sir Roderick Murchison, and Sir 
Charles Lyell 


June 7, 1860 


The Annual Meeting for the Election of Fellows was held this 
day 

Sir BENJAMIN G BBODIE, Bart., President, m the Chair 


The Statutes relating to the Election of Fellows having been read. 
Sir Philip Egerton and Mr Babbage were, with the consent of the 
Society, nominated Scrutineers to assist Uie Secretanes in oxamnui^ 
the lists 


The votes of the Fellows present having been collected, the Preai* 
dent announced that the following gentlemen wore duly elected mto 
the Society 


Frederick Augustus Abel, Esq 
Thomas Bating, Esq. 

John Frederic Bateman, Esq. 
Edward Browu-Sdquard, M.D. 
Richard Christopher Carrington, 
Esq 

Fraiuii Galton, Esq. 

Joseph Henry Gilbert, Esq 


Sir William Jardme, Bart 
Thomas Hewitt Kev, Esq 
Joseph Lister, Esq 
Rev Robert Main, M.A. 
Robert William Mylne, Esq 
Roundell Palmer, Esq, Q.C 
John Thomas Quekett, Esq 
Edward Smith, M.D 


The Society then adjourned to Thursday, June 14. 
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June 14,1860. 

Oenend SABINE, B A., Treunter Mid Viee-Prendent, 
in the Chair. 


Fnacn Galton, Eiq., Joieph Henry Gilbert, Eaq., Thomas Hewitt 
Kqr, Eaq., Joseph Lister, Eaq., The Ber. Bobert Main, Bobert'Wil¬ 
liam Mylne, Eaq., and Edward Smith, M.D, were admitted into the 
Society. 


The foUowmg commnnioationa were read:— 

I. " Notes of Researches on the Poly-Ammoniaa.”—^No. VIII. 
Action of Nitrous Acid upon Nitrophenylenediamine. By 
A. W. HoniANN, LLJ)., F.B S. Received Apnl 6,1860 


The experiments of Gottlieb have shown that dimtrophenylaminei 
when boiled with sulphide of ammonium, is converted into a remark¬ 
able base, crystallising in crimson needles, generally known as mtra- 
sophenylsmine, and for which, in accordance with the news I enter¬ 
tain regardmg its constitution, I now propose the name Nitrophe- 
nylenediamine. 1 owe to the kindness of Dr. Vinoent Hall a con¬ 
siderable quantity of this substance, which is not quite easily pro¬ 
cured. 

I have made a few ezpenments with this compound in the h(^ of 
obtaimng some blight bto its molecular constitution. If, bening 
in mind the numerous analogies between the raduals ethyl and 
phenyl, we assume that the latter, by the loss of hydrogen, may be 
converted mto a ^atomic molecule phenylene C, H 4 , correspoDding 
to ethylMie> the esisttace of a group ot bases eorreqponduig to the 
ethylme-baiei cannot be doubted 


E6iylambe 

nienylamiiie 



N*. Ethylenediainiiie 
N. Fhenyknediamine 



N,. 


N.. 


VOt. X. 


S H*l, 0-l«| C-lS,4kc 


2 at 
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With the lafUiMmcd body agrees in oompositioa the compound 
known as BennbeD&dain» or atopfaeaylamine, which Zinin obtained 
by eshaniting the actioii of snlphide of ammonium on dinitro* 
bensoL 


Those chemists, however, who have had an opportunity of be¬ 
coming acquainted with the well-defined properties of ethylenedia- 
mine, will not be easily persuaded to consider the uncouth jhmtro- 
bensol-produflt—sometimes appearing in brown flakes, sometimea as a 
yellow resin, rapidly turning green in contact with the aur—u itaud- 
ing to smooth phenylamiue m a relation similar to that which obtains 
between ethylenediamine and ethylamine, we much more readily 
admit a relation of this descnption between phenylamine and Gott¬ 
lieb's cnmson-coloured base, m which the clearly pronounced cha¬ 
racter of the former is still distinctly visible, although of necessity 
modified by the further siihstitution which has taken place lu the 
radical 


Phenylamine 


H 


} 


N 


Phenylenediamine 



} 


N. 


Nitrophenylenediamine 


k J 


Does the latter formula really repreient the molecular oonabtution 
of the enmipQ needlca 7 The degree of aubatitution of thu body 
might have been determined by the fbquently adopted ptoeeta of 
ethylation. But even a airopler and a ahorter net^ appaared to 
preaent itaelf in the beautUhl mode of aubatituting nitrogen in the 
place of hydrogen, lately diaoovered by P Qriess. The red eiyatale 
undergo, indeed, the tnns&naatKm, wluoh be hae alreai^ proved tor 
BO many denrativea of ammonut, with the greataat 
On paaemg a ourrent of nitroua acid into • moderate^ oonean* 
trated acdution of the nitrate of the baae, the hqidd heeeoMi eiii^tly 
warm, and deporita on ooohng a contiderahle quantity of InffliHat 
white needtea, the punfination of which pveaenta no difficult: epa* 
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nnglj soluble in ooldi readily soluble in boihng water, the new com¬ 
pound requires only to be once or twice reerystdlised. Thus puri¬ 
fied, this substance forms long prismatic crystals, frequently inter¬ 
laced, white as long as they are in the solution, but assuming a 
slightly yellowish tint when dned» and especially when exposed to 
100 ^. they are readily soluble both m alcohol and in ether. The 
new body exhibits a distinctly acid reaction, it dissolves on applica¬ 
tion of a gentle heat in potassa and in ammonia, without, however, 
neutralizing the alkaline character of these hquids, it also dissolves 
m the alkaline carbonates, but without expelling their carbonic acid 
The new acid fbses at 21C, and subhmes at a somewhat higher 
temperature, with partial decomposition The sublimate consists of 
small prismatic crystals 

Analysis proves tins substance to contain 

a formula which is confirmed by the analysis of a silver-compound, 
C„(H.Ag)N,0„ 

and of a potassium-salt, 

The analysis of the new compound shows that, under the influence 
of mtrons acid, mtrophenylenediamine exchanges three molecules of 
hydrogen for one molecule of nitrogen, three molecules of water 
bring eliminated. 

fi HtN, 0, +H N0,»2H,0-h C, 

Nltropbeaylene- New acid, 

dmniiiie. 

1 do not propose a name for the new compound, which can claim 
but a passmg intereat, as thnmug, by its formahon, some Bght on 
the ooDStitatioa of mtiophenylenediaitiine. 

The composition the new arid, and of its salts, riiows that in the 
crimson-Tod bMe fimr hydrogen mrieoules are still capable of re- 
{daoement, in other wov^ that this body contains four extm-vedhidL 
nolecukff of faydre^. The result of these experiments appears to 
oonfirm Use view uhidi, in Um commencement of this Note, 1 have 
taken of the conriitiifioik of this body; at all events, die mutual 
lehtan the amial bodtea rs aatisfimtorily iUostrated by the 
fomnihe— 
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(C.[H,(NOJ])'n 
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KitrophenylenedmmiDe 

H, 

H, J 

1 


(C.[H.(NO,)])«] 

In.. 

New acid 

N'" 


H J 
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(C.[H.(NOJ])«l 

In. 

Silver-salt 

N»r 


Ag 
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If the admisubilitj of this interpretation be confirmed bj further 
expenmente, the reaction discovered bj Gness furnishes a new and 
valuable method of recognising the degree of substitntion in the 
derivatives of ammonia 

The new acid differs in many respects from the substances pro¬ 
duced from other nitrogenous compounds As a class^ these sub¬ 
stances are remarkable for the facility with which they are changed 
under the influence of amdSf and more especially of bases. The new 
acid exhibits remarkable stabikty, it may be boiled with either 
potassa or hydrochloric amd without undergoing the shghtest change. 
Even a current of nitrous amd passed into the aqueous or alcoholic 
solution IS without the least effect The latter expenment appeared 
of some interest, for if the action of nitrous acid^ in a second phase 
of the process, had assumed the form so frequently observed by IKna 
and others, it might have led to the formation of the diatomic nitro- 
phenyleiie-alcohol, according to the equation 

H. j ' 

It deiervM to be noticed that mtioplMnjlenediaiiiine> altiioagh 
denved from two molecules of ammonia, u nerertlieleas a deddefly 
monacid base. Gottlieb’s analyses the oUondek nUiKt^ utd enl* 
phate left acarady a doubt on this point. However, ae aome of ihe 
natual baaes, quinine for uatance, are cqMble of eoiifoiinn( with 
either one or two moleculM of ecid, lihonghtitof raflieientintereet 
to eonflrm Gottiieh’s observations by acAne additional eiparimaitli. 
The crystals depositad on oooliiig Aom aadntionof idtro^an^en^ 
diamine in oonoantrated hydrochloric asU, were wsdied with the 
tame liquid and dried in Mteiio over Ihne. 
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AnalyBu led to the formula 

H"“‘n4 

The dilute solution of this chlonde is not precipitated by dichlo* 
ride of platinum, nor can the double salt of the two chlondes be 
obtained by eTaporatiiig the mixed solutions, which, just as Gott¬ 
lieb observed it, u readily decom}> 08 ed with separation of metallic 
platinum* 1 had, however, no difficulty in preparing a platinum salt, 
crystallizing in splendid long brown-red prisms, by adding the dichlo- 
ride of platinum to the concentrated solution of the hydrochlorate 

The platinum determination led to the formula 

r 1 

LI h’ 

These experiments prove that, even under the most favourable cir¬ 
cumstances, uitrophenylenediamine combines only with 1 cqmv of 
acid, while the ethylene-denvatives are decidedly diacid. The dimi¬ 
nution of saturating power in nitrophenylenediamine, at the first 
g^ce, seems somewhat anomalous, but the anomaly disappears if 
the constitution of the body be more accurately exammed. It can¬ 
not be doubted that the diminution of the saturating power is due to 
the substitution which has taken place in the radical of the diamine. 
1 have pomted out at an earlier penod that tlic basic character of 
phenylamine is considerably modified by successive changes intro¬ 
duced into the phenyl-radical by substitution. Chlorphenylamme, 
though less basic than the normal compound, still forms weU-deflued 
salts with the adds, the salts of dichlorphenylamine, ou the other 
band, are so feeble, that, under the inflnence of boihng water, they 
are spht into their constituents; in tnchlorphenylamine, lastly, all 
bade diameters have entvely disappeared. Again, on examuung the 
nUnMiubstitutes of phenylamine, we find that eveu mtrophenylamine 
is an evceedingly weak base, whilst dinitrophenylambe is perfectly 
indiffierait. What wonder, then, that a molecul^ system, to whuffi 
in the normal condition we attribute a diacid character, should, by 
the insertion of special radicals, be reduced to monoamdity ? The 
normal phenylenediamitie, which remains to be discovered, will doubt- 
* Mem of Chsni Soc vol U. p. 208 
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less be found to be diacid, like the diamines denved from ethylene 
Even now the g;roup of diacid diamines is represented in the naphtyl- 
series* 


Naphtylamine 

N^htylenedmmine 


II 


} 


N monoacid 


(C.JI^" 

H. J 


N diacid. 


The body which I designate by ttie term NaphtylenediaminCj is the 
base which Zimn obtained by the final action of sulphide of ammo¬ 
nium upon dinitronaphtahne This substance^ originally designated 
seminaphtalidamf and subsequently descnbed as naphtalidinei com- 
binesi aocorduig to Zinin’s expcnments> with 2 equivalents of hydro- 
ehlonc acid* 


IL the Fonuala investigated by Dr Bjunklby for the 
general Term in the Development of Laohanov's Ex¬ 
pression for the SammatioQ of Senes and for successive 
Int^ation/' By Sir J F. W. Herschsl, Bait., F,B.S. 
&c Received April 26,1860. 

(Abstract.) 

In the Philosophical Transactions for the year 1807i Dr, Bnnkley 
has investigated an expression of the general term of the senes of 
Lagninge and Laplace for the fimte differences and integrals of any 
Ametion u m terms of its diflbrendal coefficients and common inte¬ 
grals of successive orders ad injimtum, which is in effect equivalent 
to tfa^ development of the functions 1)” and (e^— 1m powers 

of i. The demonstration of the formulae amved at» as there stated* 
ladromtous and extremdy difficult to follow, so much so oa to ren¬ 
der a 8ipi]^r and easier one a desideratum m taaljm, as there arc 
probably few who have bad the patience to follow it out to its con- 
ebunon. 

More recently (Philosophical Transactions, 1816), the author of the 
fiieient fuqier arrived at a general and extremely simple expression 

* lieblg’i Aanslco* voL btxxv, 3S8, 
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for the coefficient of ui the development of any function of ^ each 
anyttf*), m which are included, as pali^cular cases, the two flmctions 
treated in Dr Brinkley's paper In the ease of (e^—1)*, n being 
poaitiTe> the development so obtained agreed m form with that 
arrived at by Bnukley, and before him by Professor Ivory, but in 
that of It differs from Brinkley’s totally in point of form 

(though affording, of course, the same numerical results), being 
much simpler in expiesaion and far more easily reduced to num¬ 
bers. Neither was it at all apparent by what mode of transforma¬ 
tion it was possible to pass from one form to the other, and this has 
ever since remained a difficulty 

The essential difference between Uie two forms is, that in the gene¬ 
ral coefficient, as expressed by Brinkley, the progression of terms of 
which it consists arc multiplied respectively by the successive differ¬ 
ences of aerOf 

vie., 

which run out m a diverging progression to iiifiuity, so that the 
number of terms of which the coefficient consists is limited, not by 
this progression coming to on end ae, but by relations of another 
kind, whereas in the coefficient resulting from the other mode of 
treatment, the differences of aero involved form the progression 

AO*. aV. . .A'O*, 

whuffi terminatee per ae at its jcth term, A theorem subsequently 
demonstrated by the author of this paper, however, in hu Collec¬ 
tion of Examples in the Cfdculus of Finite Diffci^ncea,” affords the 
moans of expressing any term m the former progression by a senes 
of terms bdonglng to Che latter. By substituting, then, the values 
80 ohtaiaed for each of those which occur in Bnnkley’s senes, the 
transformation in question m accomplished, and the process^ which 
has the appMwnCe of considerable complexity, u singularly simph- 
fled by the Sdf«asinihilation of all its most unmanageable terms. 



III. '' On the 1%ermal Effects of Fluids in Motion.'' By J. F. 
JoolBiLL D ,F.B.S.f and Professor W. Thomson^ LL.D., 
F.R.S. Received May 9^ 1860. 

In our paper published m the Philosophical Transactions for 1854« 
we explained the object of our expenmeiits to ascertain the differ¬ 
ence of temperature between the high- and low-pressure sides of a 
porous plug tlirough which elastic fluids were forced. Our experi¬ 
ments were then limited to air and carbonic acid. With new appa¬ 
ratus, obtained by an allotment from the Government grant, wo have 
been able to determme the thermal effect with various other elastic 
flmds. The following is a brief summary of our prmmpal results at 
a low temperature (about Cent) 


Elsittc Said 

Thermal eflbct 
per 100 !b« preuure 
on the square inch, 
in degree* Centigrade 

Air. 

3 9 Air +96 1 Hydrogen 

7 9 Air +92 1 Nitrogen 

S’l Air +94 9 Oxygen 

3 5 Air +96 5 Garbonteecid 

68 3 Air +41 7 Hydrogen 

62'5 Air +97'5 Carbonic acid 

54 6 Nitrogen+45'4 Oxvgen 

4-MAi, §rtX«a'} 

1*6 Cold. 

0 116 Heat. 
1*772 Cold 

1 936 Cold. 

8*19 Cold 

0 7 Cold. 
3*486 Cold. 
1*696 Cdd. 

2848 Cdd. 


Further experimenti ere being made at high temperature^ whieh 
ahow, is the gaeee m which a cooling effect le fimiid« a deenuee of 
tbia eflbet, and an increaM of the heatmg eSbct m hydrogen. The 
reaultaatpreaentamTcdat indicate mvanaUythrt a mixture irfgaaec 
givea a emaller cooling effect than that deduced from the aTctagc of 
the effieetc of the pure gaeee. 
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IV. *^Oii the Nature of the Light emitted by heated Tournui^ 
bne.*' By Balvoue Stewart, Esq., M.A. Communicated 
by J. F. Gabbiot, Esq Received May 22,1860. 

Some monthfi igo I had the honour of submittii^ to the Royal 
Society a paper on the light radiated by heated bodies, m which it 
was endeavoured to explain the &ctB recorded by an cxteniuon of 
the theory of exchanges 

Having mentioned the difficnlty which 1 had in maintaining the 
venous transparent substances at a nearly steady red heat for a 
suificient length of tune in expenmenta demanding a dark back¬ 
ground, Professor Stokes suggested an apparatus by means of which 
tilts difficulty might be overcome • and it is owing to his kindness in 
doing BO that I have been enabled to lay these results before the 
Society. 

The apparatus consists of a thick, spherical, cast*iron bomb, about 
5 inches m external and 3 inches m internal diameter—the thickness 
of the shell being therefore 1 inch It has a cover removeable at 
pleasure. There » a small stand in the inside, upon which the sub¬ 
stance under examination is placed, and when so placed it is pre¬ 
cisely at the centre of the bomb Two small round holes, opposite 
to one another, vis at the two extremities of a diameter, are bored in 
the aubstanoe of the shell. If, therefore, the substance placed upon 
the stand be transparent, and have parallel surfaces, by placing these 
surfiiees so as to ftront the boles, we are enabled to see through the 
substance, and consequently through the bomb, l^t the bomb with 
the substance on the stand be heated to a good red heat, and then 
withdrawn from the fire and allowed to cool. It is evident that the 
ODoling of the substance on the stand will proceed very slowly, as it 
IS almost completely surrounded with a red-hot enclosure. It is also 
evident that, hy placing the bomb in a dark room, we may view the 
transparent substance agamst a dark background. By this method 
of esperimendug, therefore, the difficulty above alluded to ia over¬ 
come. 

Before desenbing the experiment performed on tourmalme,^ it may 
be well to state what reaidt the theory of exchanges would lead us to 
expect when this mineral is heated, and we shall perceive at the satne 



time the importance of the expenment with tourmaline as a test of 
the theory. When a suitable piece of tourmaline, with its Aces cut 
parallel to the axis, is used to transmit ordinary light, the light which 
It transmits is nearly completely polarized, the plane of polarization 
depending on the position of the axis The reason of this is, that if 
we resolve the incident light into two portions, one of which consists 
of light polarized in a plane perpendicular to the axis of the crystal, 
and the other of light polarized in a plane parallel to the same axis, 
nearly all the latter is absorbed, wliile a notable proportion of the 
former is allowed to pass 

Suppose now that such a piece of tourmaline is placed in a red-hot 
enclosure, the theor) of exchanges, when Ally earned out, demands 
that the light transmitted by the tourmaline, say in a direction per¬ 
pendicular to its surface, plua the light radiated by the tourmaline 
in that direction, plu9 the small quantity of light reflected by the 
surface of the tourmaline in that direction, shall together equal tn 
quantity and quality that which would have proceeded m the same 
direction from the wall of the enclosure alone, suppoamg the tour¬ 
maline to have been removed. Let us neglect the small quantity of 
light which is reflected Aom the surface of the tourmaline, and, 
standing in front of it, analyse with our polanscope the light which 
proceeds from it. This light consists of two portions, the trans¬ 
mitted and the radiated, both of which together ought to be equal 
in quality and intensity to that udnoh would reach our polanscope 
from the enclosure alone were the tourmaline taken away. But the 
light which would fall on onr polanscope from the endosute alone 
would not be polarized, hence the whole body of light which fldls 
upon It from the toumaline, and which u similar tn qnohty to the 
former, ought not to be polanzed. Now part ci this light, or that 
which is transmitted by the tourmaHne, is polarized; hence it foh 
lowfl^ in order that the whole be without polarization, ti»t the %ht 
which is radiated should be partially pohuized in a direotimi at ri^t 
angles to that which is transmitted 

Another wqr of stating this ocmclnsion is thu The light wfawh 
the tourmaluie radiates is equal to that which it absorbs, and thil 
equohty hdds separately Ar light polarized in a plane parallel to the 
axis of the crystal, and for light polarized m a plane perpendieidar 
to the same. 
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The expenment wae uiule with a piece of brown tourmaluie 
having a few opake streaks, procured from Mr* Darker of Lambeth* 
It was placed lu a graphite frame between two circular holes made 
as above described in opposite sides of the bomb, the diameter of tlie 
holes being about j^ths of an inch* On looking in at one of these 
holes you could thus see through the tourmabae and tlie opposite 
hok, or, in other words, see'quite tlirough the bomb* An arrange¬ 
ment was also made by wluch part ot the tourmaline m^ht be viewed 
with the graphite behind it. 

The apparatus thus prepared was heated to a red or yellow heat 
in the fire, placed on a brick in a dark room, and the tourmaline 
viewed by a polanscope which Mr Gassiot kindly knt me The 
following was the appearance of the expenment — 

Without the polanscope the transparent parts of the tourmohne 
were slightly less radiant than the field around them. When the 
polanscope was used, the light from the transparent portions of the 
tourmaline was found to vary m intensity as the instrument was 
turned round* No change of intensity could be observed in the 
light radiated by Uie opake streaks of the tourmaline, or by the 
graphite* 

The hght firom the transparent portions was therefore partially 
|)olansed. The polanscope was then brought to its darkest position, 
and a light from behind allowed to pass through the touruudine* 
The light was disUnctly visible in this position, but by turning round 
the polanscope about 90^ it became echpacd. The mean of four 
sets of expenments made the difference between the position of dark¬ 
ness for the two cases It appears, therefore, that the hght 

radiated by the tourmaline was partially polarised m a plane at right 
angles to that which was transmitted by it. It was also ascertamed 
that the light from the tourmaline which had the graphite behind it 
gave no trace of polaraation. 
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y Researclies on the Foraminifera.”—Fourth and eonclading 
Senes. By W B. CAnPENTER, MD, FRS> F.G.8., 
F L.S. &c. Received June 14,1860 

(Abstract} 

The author m this communication brings to a conclusion that 
senes of inquiries mto the structural and physiological characters of 
typical forma of Fonimmifera, which he had been induced to work 
out for the sake of turning to the account of Zoological science the 
valuable coUectiona made by Mr* Jukes in the Australian Seas and 
by Mr Cuming in the Philippine 

The first genus now treated of is Folyatomclla^ the smaller and 
simpler forms of which have long been known, and of which the 
structure, so far as it can be elucidated by the examination of such 
specimens, has been already desenbed with great care and accuracy 
by Professor W C. Williamson But m the comparatively gigantic 
and highly developed Polyatomella of the Australian and Fhilippne 
senes, a feature exists which is scarcely discermble m the humbler 
forms previously examined—that feature being the extraordmary 
development of the canal-system A spiral canal runs along the 
inner margm of either surface of every whorl, from this canal a 
senes of arches is given off, of which one passes down between every 
two adjacent segments, uniting it with the other spiral canal, whilst 
another set of straight branches passes directly towards the surfime 
of the shell, through the thick calcareous deposit which covers in the 
depressed centre of the spire, and which extends os fkr as the las^ 
formed spire. From the eonneoting arches, suooessive pairs of diverg¬ 
ing branches proceed at frequent mtervals, these, in the last whorl, 
make their way to the surface of the shell, and (when the dtell u 
newly formed) open dose on either side of the septal band, thoqg^, 
as theshellmcreasesin thickness by subsequent deposit, the increased 
tBveigenoe of the branches separates their mouths from each other; 
and it very commonly happens that the two oontiguotts branches 
diverging from diffinrent arches meet and open by a single external 
pore half-way between the septal bands, yhien one whorb however,* 
has been surrounded by another, this radiating oanalnqrstem of the 
inner whorl does not usually contmue itself directly mto that of the 
outer (though such a conUnuatson is not unfrequently seen), but 
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the diTerging canals for the most part terminate in the stolons of 
communication between the segments of Barcode that occupy the 
chambers of the outer whorl. 

The evidence afforded by the distnbution of the canal-system m 
PolyMtomella u decidedly confirmatory of the view expressed by the 
author on a former occasion, that this peculiar set of inosculating 
passages is related to the formation and nutrition of those sohd 
calcareous layers which strengthen and connect the proper walls of 
the chambers, and to which he has given the designation of the 
“ intermediate skeleton.’* 

This view derives strong confirmation from the still more extensive 
distnbution and greater importaooe of the canal-system of Cakanna^ 
a genua of which Mr Cuming’s Fhilippme collection affords a most 
remarkable senes of illustrations This type may be considered as 
closely allied to FolyBtomella m the disposition and mode of com* 
monication of its chambers, save that the spire is generally more or 
less inequilateral Its 'intermediate skeleton” is. however, much 
more developed, and it extends itself into a variable number of pro¬ 
longations, sometimes simply club-shaped, sometimes more or less 
ramifying, which radiate in different directions from the central body, 
giving It somewhat the appearance of a spuMUwel, whence its 
geneno designation. (An approach to this configuration is occasion¬ 
ally presented by the common Foly^tomella er%9pa^ as also by 
some other species of PolyHomeUa*) Now the independence of the 
intermediate skeleton and of the spiral system of chambers is cun- 
ottsly shown by the disproportionate development which they respect¬ 
ively exhibit the one to the other, and by their occasional complete 
diseoimexion,—^the spire altogether departmg frota its usual course, 
and (as it were) nmning wdd, whilst the mtermediate skdetou 
with its prolongations still present their ordmaijcoafigunition. The 
nutrition af the mtermediate skeleton seems to be provided for by a 
system of large ca n id s, fteely moseolating with each other, whidb 
originate on the sides of the chambers, and are continued throng^ 
the whole thudeness of the intermediate sk^eton, some of them pass* 
lag directly to its nearest snrftuse^ whilst others are coutmued to the 
turminations of ite mdiating prolongations. 

It is not a little remarkable that a Foramuuferoua organism diould 
present itself so extremidy resemUing tiie preceding as to be easily 
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nditdLen for it, and yet meatiidlj ddForiiig flrom it m its }d«n of 
'Stmclofo. Thtt 18 tlte eue witln a type of which some remarkaUe 
specimens occur in Mr. Cumnig’s collection, and of which some 
smalier examples have been kindly put into the author's hands by 
Dr. J. & Gray As it seems to be identical with the body described 
by Montfort under the designation Tfnoporus dacuIahM, it may be 
right to retain that name, although it had been abandoned under 
the impression that it was a mere synonym of Ca/eanma* The 
structure of this body will be better understood after the desonpiion 
of a simpler form, which seems to be generally diflosed throi^h the 
seas of warmer latitudes, but of which the moat remarkable examples 
present themselves in Mr. Jnkes’a Australian dredgings. Its shape 
18 extremely variable, being aometimes an almost perfect sphere, in 
other cases resembliag the lower half of a sugar-loaf, whilst in other 
cases again it ts a very irregnlar depressed cone. It seems ongmaUy 
to have grown attached to zoophytes, corals, Ac, since it frequently 
presents indications of such former attachment, though it is rarely 
to be met with otherwise than free It is, moreover, very closely 
allied in structure to the body which baa been termed Pofytremm 
rntmaesMn, under the belief that it was a Polysoan Coral, but whose 
Foraminiftrous affinities have been aiready perceived by Dr Gray, 
who has proposed for it the generic name of PustuhperG. 

In the commencement of its growth, this organism seems closely 
to resemble Planorhuhm^ being formed of an assemblme of cham¬ 
bers arranged on oneplaiio, spirally towards tlwceutie, but inr^gularl^ ^ 
dustered towards the circumferences each diamber coimnumcBdDg 
by single huge septal ois^ces with the two contiguous chambers of 
the same row, whilst its waUs are perforated with numerous large 
pseudopodum fbramuia This first-formed plane, however, is aftmw 
wards covered-tu above and bdow by numerous successive layen of 
ntmlar cells, which are piled one upon another m vciy regular rows \ 
tile orig^al spiral type of growth being altogether lost in these sqier- 
posed layem. In this mode the organism comes to present a near 
rdatioosbip to tiie fossil genus Orhttmdea ^, the pnnmpd diftvcuee 
beingihat the superpoeed layers are not so completely dHfemitiated 
from the original median layer m TmpporueeB they are in OrMswte. 

V See the author^ secoimt of the nmeture of that genu in Che Qaartetir 
Joumti of tin Getrlogleti Cneletv, vol vl ISSO, p %t 
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Now in T^^ip&rM bantiahn we often find oolumni of eolkl ebdl* 
eubetiinee interposed between the angular partitions of the pilea of 
superposed cellSi just as th^ are in their sninniits being 

visible on the surface as projecting tuberdes, these columns are 
perforated with pseudopodian canals, which are eatensfons of the pores 
in the walls of the chambers over which they lie And the pecuhar 
stellate projections which give to this spenes so much the aspect of 
a Calcartna are for the most part ibrmed of a similar growth ; for 
though the chambered structure is continued for a short distanee as a 
conical protuberance into the base of each, yet this cone is invested 
and extended by a sheath of solid shell-substance, which is perforatpA 
by pseudopodian tubes extending through it from the chambers. 

The last type of Forainimfcrous structure described in this com¬ 
munication IS one which appears to furnish a highly mtoresting link 
oi connexion between Foramtnt/era and Sponges Its nature was at 
first entirely misunderstood, the specimens in Mr Coming’s collec¬ 
tion having been supposed, not only by Mr Cuming, but by other con- 
chologists, to be shells of a sessile Cirnpedc Their external resem¬ 
blance might readily justify such an inference, since they arc irre¬ 
gular cones, apparently composed of distinct valves, attached by a 
spreading base to the surface of shells or corals, and having a single 
onfice at their apex, A careful examination of the intenor structure, 
however, makes it evident that the shell u multilocular, and that it 
18 formed upon the type of the JTehcostbgue Foraminifera, closely 
resembling Glo^genna in the commencement of its growth, the 
supposed * valves’ being the walls of the outer whorl, the chambers 
of which are leiy large, and are partially subdivided by uicomplete 
septa All the principal chambers communicate by orifices of their 
own with a sort of central funnel which leads to the external onfice, 
and thus their relation to it is very much that of the separate onfioes 
of the chambers of Giobtgenn 0 to its umbilicus The cavities of the 
chambers are occupied by a spongeous tissue, which contains sili¬ 
ceous spkuleB, and ^though the possibility that this spongy sub¬ 
stance may be parasitic must not be lost sig^t of, yet reasons are 
given which seem to render it almost certain that this is die proper 
body of the oiganisin, on which Dr Gray, who first discemed its 
true aiUnibes, has caidbiTed the geneno usme of Ca^penieno, 

The author concludes with some general observations upon the 
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mutud Affinities of the “topical forms’* of Fomminifhra whose struts 
tore he h«i now elucidated, and he sums up Oie endenoe which hia 
rnuuninalion of them has ftinuahed in regard to the very wide range 
of ranation which seems especially to characterue this groups— 
avowing his conviction that the only dassification of it which can 
approach to a really natural arrangement> wiU be one founded upon 
the idea of **descent with modification” as the means by which an 
almost infinite variety of special forms has been evolved from a few 
fundamental types. 


Jttiie 21 ,1860 

Sir BENJAMIN C. BRODIE, Bart., President, in theXIhair. 

Frederick Augustus Abel, Esq., Thomas Banng, Esq, John 
Fredeno Bateman, Esq, Edward Brown-Sdquard, M.D., Richard 
Christopher Carrington, Esq., and Boundell Palmer, Esq, were 
admitted into the Society 

In accordance with notice given at the last Meeting, the Right 
Honourable Oeorge Augustus, Earl of Sheffield, was proposed for 
election and immediate ballot, and the ballot having been taken, his 
Lordship was declared duly elected. 

The Vollowing communications were read;— , , 

I "Experimental Besearefaes on various questions concerning 
Sensibility ” Bf E. BROWN-SfiquAAD, M D Communi¬ 
cated by Dr. Sbarfuy, Soc B.S. Received May 24,1860 

The first question I propose to examine relates to the duration 
of sennhiUty m parts of the body completely deprived of the oirou* 
latum of blood« 

This ^pesdon bos hitherto received but little attention firom phy* 
tKdogutt, It is true that many experiments have been made to asoer* 
tain how long aeniilnlity remains in animals m which circalation is 
stopped fay the appboation of a l%atmre round tiie huge hLood-vessels 
of the heart} but I do not know of any qieouil reseacdh upon the 
duration of seusifaility in a nerve in which there is a suspannoa of 
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oiroulatiou. No doubt it has been occasionally observed* ni expenmeiits 
made with the view of ascertaining what elFeets ore due to the ligature 
of the aorta* that sensibility persists in the nerves of the lower limbs 
much longer than irritability in the muscles* but no precise determi¬ 
nation has been mode of the exact duration of sensibility in such cases* 
except* to a certain extent* in some expenmeiits of my own and those 
of StanniuB My researches* although giving an indication of the 
duration of sensibility in the lower limbs* had not been made with 
the special view of elucidating this question* their object being to 
decide whether the vital properties of muscles and nerves could be 
restored after having completely disappeared The experiments of 
Staiinius were made with the same view as mine It may therefore 
be said that the subject of the present paper is almost entirely new, 
at least as regards warm-blooded animals 

A ligature round the aorta does not stop circulation completely 
enough to allow any positive conclusion regarding the duratiou of 
sensibility m nerves deprived of circulatton of blood 

Desirous of avoiding the causes of error which exist when the aorta 
IS tied* I have proceeded m the tollowiiig manner —I apply ligatures 
ou the femoral artery* and after having divided this vessel between 
the ligatures* 1 amputate the thigh completely* excepting* however* 
that I leave the two large nerves of the limb undivided and as little 
injured as possible 

In experimenting in this way* 1 find— 

^Ist, That the duration of sensibility in the toes* in Rabbits* vanes 
between twenty and twenty-three minutes 

2 nd That* in Ghnnea-pigs* the duration vanes between forty and 
fifty minutes. I have seen sensibility lasing a httle more than an 
hour in one case 

3rd That* in Dogs* the duratiou of sensibility vanes between 
thir^ and thirty-five minutes. 

It is a very remarkable (ket that the duration of sensibility vanes 
so mueh m animah so nearly related to each other as Babbits and 
Oninea-pigs, 

The second questum I propose to examine relates to the influence 
of temperature on the duration of sensibility in psrts depmed of the 
eireulation of blood. It hag been enroneoody assumed that vital pro¬ 
perties kstlMiger in perts submitted to a temperature similar to that 

▼OL. X. 2 N 
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of the bcMly» than m parts of which the temperature is very much 
lowered I have expenmeuted on almost completely amputated 
limbs of Guinea-pigs, as in the precedmg instances The limbs were 
placed ID a vessel dipped into water at different temperatures The 
results have been as follows — 

Ist Water at 104” Fahr Duration of sensibility^ m average 
forty-one minutes. 

2nd Water at 80” Fahr Duration of sensibihty forty-mne mi¬ 
nutes. 

3rd Water at 50” Fahr Duration of sensibility fifty-three mi¬ 
nutes. 

4th Water at 35” Fahr Duration of sensibihty fifty-eight mi¬ 
nutes 

These results, which will not surpnse persons who know the laws 
of Uie influence of heat and cold on the vital properties of the spinal 
cord, of motor nerves and muscles, clearly show that the lower 
the temperature, the longer sensibihty persists m parts deprived of 
circulation. 

The third question I have tried to solve, is whether an augmentation 
in the vital properties of the spinal cord is able to mfluence the 
duration of sensibility m a hmb deprived of the circulation of blood 
It 18 known that when a transverse section is made upon the poste¬ 
rior surface of the spinal cord in a mammal, and especially m a 
rabbit, all the parts of the body which are behind the section 
become much more sensitive than they were previous to thq itera¬ 
tion 1 have made two senes of ezpenmento to And out if, in cases 
of this kind, the duration of sensibility m parts deprived of circulation 
would be increased 

In one senes of expenments I first divide the postenof columns of 
the spinal cord and then amputate all the parts of a bind limb ex- 
eept the nerves, while in another senes I divide the spinal cord after 
having made the amputation. In both senes I And that sensibility 
lasts notably longer than in ammals in which the postenor columns 
have not been divided For instance, in rabbits, instead of twenty 
or twenty-two minutes, senmbihty lasts thirty or thirty-five minutes, 
and ui one case I have seen it still pematu^, tboof^ very weak, 
after thirty-eight minutes, I did not in this instance aioeriaui how 
loi^it lasted 
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A very remarkable fact is that in a rabbit in which the spinal 
cord IS in a normal eonditiou^ and m which the toea> after partial 
amputation as in the preceding experiments, are about losing the 
last appearance of sensibility, 1 find that there is a rapid and 
very notable return of this vital property if I divide the postenor 
columns of the spinal cord in the dorsal region These experiments 
show that when sensibility seems to be lobt in a part deprived of 
circulation, it is not completely so, but that the trausmitted excita¬ 
tion which causes sensation is too slight to produce it, and that if in 
its way to the sensonum this excitation meets with a cause of increase, 
then sensation can be produced by it 


II ** On Quaternary Cubics " By the iitv George Salmon 
Communicated by Arthur Cayley, Esq Received Jime 
14, 1860 

(Abstract.) 

In this paper quaternary cubics are discussed under the canonical 
form first given by Professor Sylvester, 
aa?*' -f + cr’ -f du^ 4* 
where ©=0 

The writer shows how, when quanhes are thus e^ressed with a 
supernumerary vanable, it is possible to form contravanants also 
exprassed with a supemumeraiy vanable, and such that for the van- 
ables, either m covanant or contravanant, wc may substitute differ¬ 
entials with regard to the variables of the other By the help of 
this pnnciple, rovanants» contravanants, and invanants of the cubic 
are formed with great faality It is proved that a quatemaiy cubic 
has five ftindameiital invanants of the degrees respectively 8, 16, 24, 
32, 40, as well as an mvariant of the degree 100, whose square can 
be expressed in terms of the five fundamental mvanants The disiai- 
mmant u also expressed m terms of the four first of these invanants 
It is remarked that m the same manner as the theory of ternary 
cables is analogous to the theory of binary quartics, so there ore 
many analogies between the theory of quaternary cubics and that of 
binaity quintics 

Foot oovariants are noticed of the first degree m the vambks, by 
the aid of which expresdons for the cubic can be obtained analogcms 

2n2 
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to what M Hermite has called the *‘faur types’* of binary 
quintUM. 

Other eoTariantfl of the cubic are discussed, and m particular a 
general expression is g^ven for that covanant of the 9th order which 
geometrically represents a surface passing through the twenty-seven 
rig^t lines on the surface of the tliird order represented the cubic. 


III. ** On the Construction of a new Calonmeter for determining 
the Badiating Powers of Surfaces, and its application to the 
Surfsoes of various Mineral Substances ” By W. Hopkins, 
Esq, M A, F.R.S., &c lieceived June 1,1860 

(Abstract.) 

'When the anthor’s Memoir on the Conductivity of various sub¬ 
stances was presented to the Society, it was intimated to him on the 
part of the Council of the Society, that it might be advisable to de¬ 
termine absolute instead of relative conductivities, the latter only 
having been attempted m his previous expenments It is partly 
in consequence of this mtunation, and partly from the desire to make 
his former investigations more complete, that the author has given 
his attention to the construction of a calonmeter which might serve 
for this purpose. His present memoir contains a descnpbon of this 
instrument, with the results obtained from its application to the 
surfaces of vanous substances. 

The apparatus used by Messrs. Dnlong and Petit was more deli¬ 
cate and complete than the simpler instrument devised by the author 
of this paper, but it waa calculated only to deCermme the radiatuig 
powers of substances of which the bulb of a thermometer could be 
constructed, or with which it could be delicately coated. The only 
substances to which, in fact, it was applied, were glass and silver, 
the radiation taking place, m the first case, from the naked bulb of 
the thermometer, and, m the second, from the same bulb coated 
with silver paper. In these caaes, too, it was the whole heat radi¬ 
ating in a given time from the instrument, and not that which radiated 
from a pven area, that waa determined/ For this latter purpose the 
apparatus was not well calmdated, on account of the difficulty of ob- 
taming with aoounuy the area of the snrfime from whidi tadiataott 
took place. The instrument here described can be easily applied to 
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any plane radiating surface, while the area of that surface can be easily 
determined to any required degree of accuracy The quantity of 
heat radiating under given conditions, from a umt of surface in a umt 
of time, can thus be easily ascertained The paper contains a detailed 
descnption of the instrument, and of the experiments made with it 
The following are expenmental results thus obtained,—the unit 
of heat being that quantity of heat which would raise 1000 grs. of 
distilled water P Centigrade The formula is that of Dulong and 
Petit, where 

temperature of the surrounding medium (the air in these ex¬ 
periments), expressed in Centigrade degrees, 
tmm the excess of the temperature of the radmting surface above 
that of the surroundmg medium, in Centigrade degrees, 
psm pressure of the surroundmg medium (the atmosphere in these 
experiments), expressed by the height of the barometer in metres, 

1 0077, a numerical quantity which is always the same for all 
radiatmg surfaces and surrounding media 
Then if Q denote the quantity of heat, expressed numencally, 
which radiates from a unit of surface (a square foot) m a unit of 
time (one minute), we have the following results for the substances 
specified«— 


Glass 

Qm 9 566o*(a‘-l)+03720(..^yV"* 
DryClulk 

Qaa 8 618a*(a‘-I)+*03720(^)^«'*** 

Dry New Hed Senditoue. 

Qa. 8*377«i»(a*-l)+ 03720(^)*‘«‘*" 
Sandstone (building stone). 

Q- 8 882«»(«‘-l)+*03720(;^)'" t' 
Poluhed Limeatone 

Qaa 9*106 1)+ 03720(-^)**<‘*“ 

Uapoluhed Limeetone (lame Uodt u the hut) 
Qaal2*808 
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IV, ^'On Isoprene and Caoutchme^' By C Grsville Wil* 
LIAMS, Esq. Communicated by Professor Stokes, See B S 
Received June 4,1860 

(Abstract) 

This paper contains the results of the investigation of the two prin¬ 
cipal hydrocarbons produced by destructive distillation of caout¬ 
chouc and gutta percha 

Jaopreae 

This substance is an exceedingly volatile hydrocarbon, boihng 
between 37^ and 38° C,, after repeated cohobations over sodium, it 
was distilled and analysed The numbers obtained as the mean of 
hve analyses were as follows — 


Experiment 



Calculation 


Carbon 

880 

C‘* 

60 

88 2 

Hydrogen 

12‘1 

ir 

8 

11 8 




68 

100 0 


Three of the specimens were from caoutchouc and two from gutta 
percha The vapour-density was found to be at 58° C« 2 40 Theory 
requires, for volumes, 2 35 The density of the liquid 

was 0 6823 at 20° C, 

Action of Aimoaphenc Oxygen upon laoprene 

Isoprene, exposed to the air for some months, thickens and acquires 
powerful bleaching properties owing to the absorption oi ozone On 
distilling the ozomz^ liquid, a violent reaction takes place between 
the ozone and the hydrocarbon All the unaltered hydrocarbon distils 
away, and the contents of tbe retort suddenly solidify to a pure, 
white, amorphous mass, yielding tbe annexed result on combustion ,**- 


Experunent Calculation 


Carbon 

. 78*8 

C“ 60 

78 95 

Hydrogen 

107 

H“ 8 

10 52 

Oxygen 

10 5 

0* 8 

10 53 



76 

100 00 


Thu direetly-formed oxide of » hydrocarbon u unique, u ragerda 
both its formuh and mode of production. 



M7 


Caoutchinf 

llimly’fl analyflw was correct The mean resalts of three analyses 
are compared ui the following Table with those of M Himly — 



Mean 

Hiinly 


Calculation 


Carbon 

88 1 

88 44 


120 

88 2 

Hydrogen 

11 9 

11 56 

H" 

10 

n 8 


i:ib 100 0 


Two of tlie determinations, the results of which are incorporated 
in the above mean, were made on a substance from gutta percha 
The vapour density was 

Experiment Utmly Celculalion ^4 voIa 
4 05 4 46 4 6086 

We now for the first time see tlie relation between the two hydro* 
carbons It is the same as between amylene and paramylene The 
author discusses the boiling-point of these bodies, and shows that 
they form moat decided exceptions to Kopp’s empirical law. 

Aetton qf Bromine on Cmuiehine and tie leomer Turpentine 

Caoiitobme and turpentine act on bromine in precisely the same 
manner One equivalent of the hydrocarbon decolorises four equi¬ 
valents of bromine To determine this point quantitatively, eight 
expenmenta were made, four with turpentine and four with caout- 
chme. The quantity of bromine-water empbyed was 20 cub cents 
wO 2527 gramme bromine 

Mean of four turpontiae expenmeuti Mean of four caoutebme expenmenta 
0*1074 grm 0 1091 grm 

ConvermoH of Tutpentine and Caoutehine into Cymole 

By the alternate action of bromine and sodium on caoutehine or 
turpeiitme» two equivalents of hydrogen are removed, the final result 
being cymole, having exactly the odour hitherto considered charao- 
tenstic of the hydrocarbon obtained Orom oil of cumin, and quite 
distinct from that of camphogene The liquid was identified by the 
annexed aualyies. No L was from turpentine, II. and Ill. from 
caoutehine. 
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Experimmt Calculation 



I 

11 

111 

Mean. 




Carbon 

. 89 2 

89*5 

89 5 

89 4 

C" 

120 

89 b 

Hydrogen 

. 10 5 

10*4 

10 4 

10 4 

H" 

14 

104 







134 

100 0 


Agreeing peritetly with the formula 

Paracymole. 

At the same time that cymole la foTmed» there is a production ot 
an oil having the same composition, but boihiig about 300^ C The 
author has provisionally named it paracymole* 

Action of Sulphuric Aeid on Caoutekine* 

Sulphuric acid acts on caoutchme, eonvertmg it almost entirely into 
a viscid fluid like h^viS^ne, at the same time a very small quanti^ of a 
conjugate acid is formed, having the formula 
C*® H*®S*0*, 

the composition was determined 5rom that of the lime salt, which on 
Ignition, &c, gave a quantity of sulphate of lime equal to 6 3 per 
cent of calcium , Ca 8^ 0® requires 8 5« 

The author considers the action of heat on caoutchouc to be merely 
the disniption of a polymeric body mto substances havmg a simple 
relation to the parent hydrocarbon He deduces this view from the 
similanty m composition between pure caoutchouc, isoprene, and 
caoutchme 

The following Table contains the principal physical properties of 
isoprene and caoutchme 


Table of the Phpeteal Propertiee of Jeoprene and Caoutchme^ 


- i 

Nam. 

Formula. 

BolUnf-point 

Specific 

Vapour-density. | 

gravity 

.. 

Bxpt 

Calculated 

Isoprene 

C»®H« 

sr 

|o 6883.* 20* 

2 44 

2*349 

Caoutohiue 

C«H«* 

171* 

08420 

466 

4*699 


In the calculations rendered necessary by the numerous vapour- 


* (Note received July 27.) Both the cymole from turpentine and that Irom 
cftontchine were converted Into intoUnic add by bichromate of potash and MU 
phunc acid The qnandtative determinations made on the diver silt of tbs emd 
were almoat tbeorelically exact 
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denuty detenmnatioiui contained in ihiii paper^ and more especially 
lu those On some of the products of the Destructive DuUllatiou of 
Bedhead Ckialj’* the author has so repeatedly had to ascertain the 

value of the expression 0035 "^ induced to calcu¬ 

late It once for all for each degree of the Centigrade thermometer from 
to 150° As it 18 always easy so to manipulate as to prevent the 
value of T falling between the whole numbers* the Table proved a 
most valuable means of saving time, the author has therefore appended 
It to his paper in the hope of its provmg equally useful to other work¬ 
ing chemists 


V. ''On the Thermal Effects of Fluids m Motion—^Tempera¬ 
ture of Bodies moving m Air By J, F Joule* LL D * 
¥ R. 8 «* and Professor W» TuomsoNi LL.D * F.B S. 
Received June 21* 1860 

(Abstract) 

An abstract of a great part of the present paper has appeared in 
the 'Proceedings*' voL vui. p 556. To the expenments then adduced 
a large number have since been added* which have been made 1 ^ 
whirling thermometers and thermo-electric junctions in the air. The 
result shows that at high velocities the thermal effect is proportional 
to the square of the velocity* the nso of temperature of the whirled 
body being evidently that due to the communication of the velocity 
to a constantly renewed film of air. With very small velocities of 
bodies of large surfhee* the thermal effect was very greatly increased 
by that kind of fluid fhction the effect of which on the motion of 
pendulums has been mvestigated by Professor Stokes. 


VI. "On the Distribution of Nerves to the Elementary Fibres 
of Striped Muscle." By Lionel S. Beale* M.B.* F.R.8.* 
Professor of Fhyuology and of General and Morbid Ana¬ 
tomy ID King’s College* London* and Physician to King’s 
College Hospital, Received June 19* I860. 

(Abstract) 

After alludmg to the general opinions entertained with respect to 
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the terminatioii of nerve-fibres in voluntary musclet and to Kuhne’s 
recmt observations, the author proceeds to state that his researches 
have led him to the conclusion that every elementary fibre is abun¬ 
dantly supplied with nerves, which form a network and he upon the 
surface of the sarcolcmma They do not penetrate through this 
membrane. The nerves never terminate in pomts, neither can any 
elementary fibres, or any part of a muscle, be fouud to which nerves 
are not freely distnbuted 

The nerves run for the most part with the smaller arteries, and 
come into very close relation with the capillary vessels The ele¬ 
mentary fibres of the tongue and diaphragm of the white mouse are 
nearly cohered with nerve-fibres and capillaries Generally, the 
muscular fibres of mammaha and birds receive a much larger supply 
than those of reptiles and fishes The muscular fibres of some m- 
sects appear to receive a most abundant supply 

As the nerve-trunks approach their distribution the mdividual 
fibres divide and subdivide, as was demonstrated long ago by Wagner. 
The fibres resulting from the subdivision often pursue a very long 
and eompheated course by running parallel with other fibres denved 
from different trunks, until, after being traced for some distance, it 
IS not possible to follow them Fme trunks composed of from three 
to seven or eight fibres con often be seen traversmg the muscle 
The fibres pursue difibrent directions, some dip down between the 
elementary muscular fibres, some pass and form with otliers from a 
difibrent source small compound trunks, while others may be traced 
onwards for some distance, the mdividual fibres which gradually 
separate firom each other being distnbuted to different parts, m suc¬ 
cession, of several elementary muscular fibres. When the finest 
nerve-fibres can be seen passmg round the elementary muscular fibre, 
they clearly consist of very delicate flattened bands. 

Of the oval bodies or nuclei —^Connected with all nerves in every 
part of the body, sensitive, motor, vascular, and probably m all 
animals, are bttle oval bodies or nuclei, which are the organs by 
which the nerves are brought mto the closest relation with other 
textures The nerves multiply at thdr distnbution by the division 
of these little bodies, and upon them their nutnhcai and the mani- 
fiestatiOD of the nervous phenomena depend. A great number is 
associated with perfection of nervous actions, and vice versd They 
are found very freely connected with the vascular nerves, are abun- 
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dant on thoae nerves near the ganglia irom which they prooeedi 
and lu the ganglia themselves These bodies, with the nuclei of 
ciipillary vessels and those of fat vesicles, and probably other struc¬ 
tures with peculiar cells, winch alone deserve the name, have been 
included under the term ** areolar tissue corpuscles ” {Btndeffewebe- 
Hrpercheh) A.S specimens are usually prepared, it is qiute impos¬ 
sible to distiuguish these structures from each other It is pro¬ 
bable that the gelatinous fibres, or fibres of lleniak, are after all real 
nerve-fibres, and not a peculiar modihcatiou of fibrous tissue, as is 
now generally beheved 

Tlie nerves and vessels, and with them, ui course, the oval bodies, 
may be stnpped off from the elementary muscular fibre They are 
111 close contact with the sarcolemma, and the author has been led to 
conclude from some appearances he has observed, that this structure 
18 really composed of capillaries and nerve-fibres, with mtejrvemng 
tissue 

0/ the manner in Ufhtch nervea terminate —Tlie fibres connecting 
the oval bodies or nuclei form with them a network, the branches 
of which are of course continuous with the subdivisions of the nerve- 
fibres The arrangement of the network, and especially the number 
and proximity of the nuclei to each other, differ materially m dif¬ 
ferent localities On sentient surfaces the meshes are veiy small 
and the nuclei close together, but from the comjdexity and great 
number of the fibres, from the fact that many fibres which appear 
to be smgle can be resolved into three or four mdividual fibres, and 
from the circumstance of the network being imbedded, in most cases, 
in the midst of fibrous tissue, it is very difficult to describe its exact 
relations and disposition However, from the connexions of this 
network with the nerve-fibres, it would seem to follow that an im¬ 
pression made upon a given portion of a sentient surface might be 
trausnutted to the nervous centre by contiguous fibres, as well as by 
the one which would form, so to say, the shortest route, and it is 
possible that impulses to motion may be conveyed to muscular fibres 
by a more or less oircuitous path, as well as by a direct one 

0/the athcalled tubuiar This is a transparent stmo- 

ture in which the nerve-fibres are imbedded It cannot strictly be 
called a membrane, because m many cases several fibres are im¬ 
bedded in it, and often it is mudi thicker than the fibres it contains. 
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By emnimtion with high powers (700 dmmeters), many fibres which 
appear to be single when seen by lower powers can be resolved into 
three or more, all enclosed in the same transparent tissue As the 
nerve^fibres approach their distribution, this transparent structure 
becomes much spread out It is mtunately connected with nerve- 
fibres and capillanes, and with them forms a delicate expansion over 
the muscular fibres and m other parts, dchcate fibres also, in con¬ 
nexion With the nerves and capillaries, may be observed m it. In 
some cases this expansion seems to be incorporated with the sarco- 
lemma, and it is probable that m certain instances it is really the 
structure which has received that name 
Aacia cylinder and while eubetance, —The author has been led to 
conclnde that, m consequence of the free division of the axis cylmder 
and white substance near the point of distnbutum of the nerve, a 
smgle fibre in the trunk of a nerve may carry impressions to or from 
a much larger extent of surface than is generally supposed. The 
white substance which surrounds the axis cyhnder g^radually dimi¬ 
nishes, until, in the finer ramifications, it is impossible to say that a 
fibre consists of an axis cyhnder and white substance, for its general 
appearance and refractive power are the same in eveiy part, except 
where the nudei are situated. The author considers that the defi¬ 
nite characters of the axis cylmder and white substance in the trunks 
of the nerve, may be due to the gradual growth and altered relations 
of the fibres which occur dunng the development of the entire or¬ 
ganism. In the ultimate ramifications the whole fibre seems to con¬ 
sist of a very transparent and perhaps dehcately granular suhstance, 
but no tabular membrane^ medullary ekeaih, or aane eylinder can be 
demonstrated as distmCt stmctnres 

Of the formation of new fbree —^In connexion with the terminal 
ramifications, new fibres are being eontmually developed by the 
division of the nuclei, and old ones undergo removal. The remains 
of the latter may, however, he seen in the form of very delicate fibres, 
in connexion vnth active nerve-fibres. The author regards much of 
the 80 -called connective tissue between the elementaiy fibres of 
muscle and in some other situations, as of this naturet,-—as the remains 
of stmoturei whose period of frmctional activity was past, and 
which have been removed, all but this small qnanthy of insolaUe 
maternd 
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Tlio method of prepanng the speoimeus is tlien bnefly desonbed. 
OliHervaltons were conducted principally on white mice, which were 
injected with the author's prussian blue fluid immediately after 
death * The paper concludes with the following summary of the 
most important facts elucidated m the inquiry •— 

1 That nerve-flbres lu muscle and m many other tissues, if not 
in all, may be traced into, and are directly continuous with, a net¬ 
work formed of oval nuclei and intermediate fibres. 

2 That the organs by which nerves are brought into relation 
with other textures, and the agents concerned m the development 
of nerves and the formation of new fibres, are the little oval bodies 
or nuclei which are present in considerable number in the terminal 
ramifications of all nerves A great number of these bodies is asso¬ 
ciated with exalted nervous action, while, when they are sparingly 
found, we may mfer that the uervQus phenomena arc only imperfectly 
manifested 

8 That every elementary fibre of striped muscle is abundantly 
supplied with nerves, and that the fibres of some muscles receive a 
much larger supply than others 

4 That the nerves he, with the capiUanes, external to, but in close 
contact with, the sarcolemnuu They often cross the muscular fibre 
at right angles, so that one nerve-fibre may mflucnce a great number 
of elemcntaiy muscular fibres There is no evidence of their pene¬ 
trating into the mtenor of the fibre 

The paper is illustrated with drawings, most of them magnified 
TOO diameters 


VIL ''On the Effects produced by Freezing on the Physiolo¬ 
gical Properties of Muscles ** By Michael FoSteh, B A,, 
M.D. Lond. Commumcated by Br. Shaefey, Sec. B.8. 
Beoeived June 4, 1860. 

The influence of cold upon animal life has been studied chiefly (as 
for example in reference to the phenomena of hybematum) at sudi 
degrees of temperature only as are insafBeient to fireese the tissues. 
In cases of actual fteexing, attention seems for the most part to have 

« Ths Mtatmoope la iu Application to prsoOoal Medicine, p 63. 
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been directed to the organism as a wholci with a view of determining 
the queatiou nrhether an animal apparently frozen to death could 
be reviyed The older writers* often allude to the revival of frozen 
insects as a familiar fact. Budolphif states that frozen Filanse are 
brought to life upon thawing Frankhu found frozen fishes revive 
on thawing, yet John Hunter^ never succeeded in restonng the 
animals he had frozen 

One element of uncertainty in such experiments (in those on ver¬ 
tebrate animals at least) is the difficulty of making sure that the 
heart itself is frozen, without interfering with the expected result. 
In the expenments of a later observer, Duin^nl §, it seems clear that 
the hearts of the frogs he froze and recovered, were not frozen, 
though the intestines were 

Spallanzani II seems to have been the only one among the older 
wnters who studied the freezing of muscles removed firom the influ¬ 
ence of the general blood-current, and that only m an indirect way 
He revived irntabihty in the muscles of frogs, toads, and sala¬ 
manders, which, after immersion for several hours lu snow, had be¬ 
come rigid, ^'presque gd^es,*’ and gave no contraction upon being 
stimulated But bo states that muscles frozen by a more intense 
cold lost their imtability for ever His means of stimulation were 
dbiefly mechanical. There seems fair reason to suspect that the 
muscles which recovered their imtabihty were but partially firozen, 
had but partially lost their irritability, and would have exhibited a de¬ 
cided contraction when treated by those modifications of the galvanic 
stunuluB which the modem physiologist has at his command. Spal- 
lanzam^, in another work, states that frozen snails died 

Among later wntem, the only authority I can find is SchifT, who 
states**, ” A sufficiently intense degree of cold will render muscles 
rigid, and yet so that they can be revived It is not clearly made 
ont though whether this is aocompamed by any contraction And 
again, p. 46, ** Frogs' muscles bear freezing without irretrievaUe loss 
of imtability for a longer time than they will exposure to that 

* Beaumur, Wbytt, Blumenbsch, SpalUnzsni 
t HUtor Entoz t ii p. 62 
i Works by Palmer, vol iv. p 131 
§ Annalei del Soienees Naturellei, 1862k vol xvii |i. 7 
t) Oimscnlei, tr Senebier, vol l»(cb vl) p 113 
K Ijetlers on Respiration ^ Lehrb % 44 * 
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cli'grco heat which resembles Irost in depriving them of irnta- 
hihtv 

Having myself made some experiments on this subject, 1 venture to 
lay them before the Society 

Two methods were adopted to freeze the muscles In most in* 
stances 1 securely enclosed them m little bags of thin gutta percha, 
and BO buned thorn in a mixture of salt and snow, or pounded ice 
At other times 1 suspended them in pure olive oil, contained in a small 
vessel surrounded by the freezing mixture, having previously ascer¬ 
tained that immersion for two hours at least in the same oil, at an 
ordinary temperature, had no itijiinous effect upon muscular imta- 
bihty 

The results 1 came to were as follows — 

1 Completely frozen muscles arc not irntable to the strongest 
stimulus we possess 

2 Muscles which have been frozen for a short time only (five or 
ten minutes at the longest) may regain their irritability on being 
thawed 

3 Muscles which have been frozen for more than ten minutes 
never regain their irritability 

The loss of irritability seems to be due more to the oocurrenoe 
of freezing than to any mere fall of temperature For although 
the irritability does dimmish with the fall of temperature, and 
markedly so when the freczing-pomt of water » neared, yet the 
great loss and final extinction takes place only when the tissue itself 
is fVozen 

I know of no method of treating a muscle so as to lower the free¬ 
zing-point of the water contained in its tissue, without so injuring it 
as to render such a procedure useless for the present purpose 

In order that the irritability of any muscle should wholly disap¬ 
pear, the muscle must be wholly frozen A muscle may be in great 
part frozen, and yet capable of producing a movement when stimu¬ 
lated, by the contraction of the unfrozen part 

The passage mto the frozen state is accompanied by no contrac¬ 
tion Frogs* limbs freeze exactly in the same position which they 
were previously maintaming, and when the individual mnseles were 
frozen singly, I was unable to satisfy myself of the oociureoee of any 
contraction Nor could I assure myself of tiie advent of any physio- 



logical ngidity dittinguiahable from the physical frozen state. The 
reaction of fhizea muscle, as indicated by htmus paper, is neutral or 
faintly alkaline, thus differing from recently dead muscles 

It IS not the mere ngidity of the frozen mnscle which mechanically, 
ao to speak, prevents contraction, for imtabihty does not at once and 
fuOy return upon thawing An interval of time may with care be 
detected m most cases, during which the muade is riready thawed, 
but yet not irritable; and imtabihty returns gradually. 

There is no exact relation between the duration of the frozen state 
and the duration and amount of the revived imtabihty It is not 
the case that a muscle frozen three minutes regains twice as much 
imtabihty, or remains afterwards irritable twice as long as a musile 
frozen for six minutes The frost does not progressively exhaust as 
it were a given store, leaving, according as the operation is shorter or 
longer, more or less residue to be manifested when the muscle is 
thawed. 

The amount of revived irritability will depend in great measure 
on the treatment the muscles experience when first thawed The 
receipt then of a slight shock, which afterwards it will bear with im¬ 
punity, if not with advantage, may be sufiieient to throw it back 
altogether mto death. 

Nor IB the present a ease of mere stoppage of the wheels of hfe, 
which, when once set in motion again, go on as well as before 
Musdes once frozen, however kindly treated, eventually die sooner 
than those left untouched There has been m the act of freezing 
a partial exhaustion of their vital forces 

I ascertained, by section, that muselea which afterwards regamed 
their irritafaihty were fj^ozen throughout Hence the revivid of im¬ 
tabihty cannot be suppoaed to depend upon any part having been left 
unfronra. Nor, in muscles partially frozen, did the unfrozen parts 
seem to have any influence over the hfe of the frozen parts 
In muscles whidb have been wdi frozen, the flbres are more readily 
separable from each other, and diviaibla into fibnllae, than in those 
which die an ordinary death. Under the mieroseope, the flbres are 
chmded and more opake than usual, the transverse strue generally 
invisible, and in some cases the whole sarcous Uisue seems to be-con- 
verted into a oonflued amorphous mass, lying loose in a tarcolemma, 
which is more strongly defined than usual 
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But tlie«e hiitological ap{liearance« have but little to do with the 
pbysiologicAl phenomena. A muscle may be froren so as to lose all 
irritability, and yet preserve its natural appearance Two muscles 
may be frozen so that both shall scarcely have a fibre that is not 
more opake than natural and that has not lost its stri8B>—both, m short, 
shall he affected anatomically, as far as we can at present tell, to the 
same degree, and yet one will live and the other is dead. 

In muscles which never regained their irntabihty, the act of thaw¬ 
ing was accompanied by the onset of a pecubar ngor, which differed 
from the ** ngor mortis,’* and resembled the “ ngor calons in being 
an active contraction, t c. in producing a movement The hind leg 
of a frog, when rigor mortis comes on, retains the position it pre¬ 
viously had, whether of fiexion or extension Powerful excitation 
of the spinal cord or ischial plexus produces extreme extension 
Plunging mto boiling water brings the flexed leg to extreme exten¬ 
sion If the leg be killed by frost in a flexed condition, it will when 
thawed assume gradually the position of extreme extension so muscles, 
frozen singly, shorten when thawed This contraction is never seen 
in muscles destined to regain their irritability I have seen it come 
on in a muscle which had been frozen for three hours it h a sure 
Bign of death. This contraction continues after the production of 
the movement os a peculiar rigidity, which vanishes only when the 
softening from decomposition becomes apparent. 

The effect of low temperature on the frog’s heart is very pecuhar. 
There is a great diminution in the rate of rhythm, and very marked 
increase in the duration of each systole, so that sometimes the heart 
IB frozen in a tetanic beat, as it were I have never seen a frozen 
heart resume its beat when thawed, but I have often seen one part 
of the ventricle still beating while another port was ftrozeo quite 
hard. 

Similar results were obtained by f^eesmg the muscles of leeches 
and sitads. Frozen &r a short time they recovered their imtabjlity, 
for a longer time they died 

lu the latter ammals, not only was mere irritability recovered, but 
I hate seen snaik, which I had every reason, by examining the state 
of snails of the same sm ftoaen under ezactfy the same conditions, 
to believe had been frozen throughout, regain voluntary motion, and 
crawl about with extended horns as if nothing had happened. Thcar 
X 2 o 
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slowly altered blood does not seem to lose its virtues by having passed 
into a state of ice 

lu the fiog, the return of irntabihty is favoured by connexion with 
the general circulation. A frog was secured with its hind legs in a 
freezing mixture, the brain and spinal cord having been removed In 
a few minutes the legs were frozen stiff, and had lost all irritability 
After being frozen half an hour they were thawed Irritability re¬ 
turned 

Nerves, too, hke muscles, lose their excitabihty when frozen, and, 
like them, may regam it on bemg thawed if they have not been 
frozen too long 1 have always found a greater difficulty m rctover- 
ing nerves than muscles. 

Oue very curious thing is this, that, as Eckard states*, when 
nerves are frozen, the muscles to which they are distnbutcd are 
thrown mto contractions, and yet when muscles themselves are 
frozen, there is not only no tetanic spasm, but not necessanly even 
the smallest qmvermg 


VIIL On the alleged Sugar-forming Function of the Liver 
By Frederick W. Favy, M D. Communicated by Dr 
Shakpey, Sec E.S. Received June 21, 1860. 

(Abstract) 

This communication is an abndgement of a paper bearing the 
same title presented by the author to the Royal Society m 1858, 
with some additional matter, smee disclosed by bis expenmeutal m- 
vestigations. 

He first shows, by analyses, that although the blood collected 
from the right side of the heart after death, as was formerly done, 
affords an abundant indication of the presence of sugar, yet that when 
it is removed from the same part by catheterism during life, it la 
found to oontam but a trace of the sacchanne pnoeiple. luferencesi 
therefore, that have been drawn of the ante-mortem atate from poet- 
mortem examinations must be abandoned as erroneous. 

The heart excised instantaneously after sodden k3hng, contains 
Uood as free from sugar as it la dnnng hfe. 

• BekMd, Zeitsohr. t Rat. Mad. fuL x. (1851); 
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Very slight causes are suflUcnent to determine the presence of a 
considerable amount of sugar in the circulation during life By 
simply interfering with the breathing, a strongly diabetic state of 
the unne may be induced in an hour To obtain a fair specimen 
of blood in its natural condition from the right side of the heart 
duHng lifcj the animal must remain in a perfectly tranquil state 
dunng the performance of cathetensm 

From some recent expenments, it would appear that the blood in 
the right side of the heart is not appreciably more sacchanne than 
the blood in the portal vein 

As in the case of the blood, the hitherto adopted mode of exami¬ 
nation of the liver has, in tlie author’s opimon, led to a fallacious 
mference of its physiological state It coutains a material which is 
exceedingly susceptible of undergoing transformation into sugar by a 
process of the character of fermentation Acids, alkalies, extreme 
cold, and a heat sufficient to coagulate and destroy the ferment, 
check this transformation And by these agencies it may be shown, 
that if the liver contain any sugar at the moment of death, it is 
only to the extent of the merest trace. The sacchanne state of the 
hver, which has been hitherto looked upon as belonging to life, is the 
result of change which takes place with an astonishing 

rapidity 

The pardcular part played by the liver m reference to the point 
under consideration, is to form a matenal which was originally called 
the gluoogemc substance As it is not considered by the author 
that this matenal is really a sugar-forming substance under physio¬ 
logical condition^ he has styled it hcpatine, as bcbnging to the liver 
Thu subatanoe u doubtless mtended for a special and important pur¬ 
pose m the economy, but what thia purpose precisely u, must be left 
for the present as on open question As one of its properties, it » 
most susceptible of undeigouig transformation into sugar. Although 
in contact with a forment, yet it resists, under natural ctreumstanoes 
during life, thii land of transformation. Immediately, however, 
that hfe IS destroyed, the orduuuy laws of chemistiy come into opera¬ 
tion, and a change into sugar u effected. Abnormal states of the 
mrealation, and probably of the blood, also lead to a similar prodtie- 
tion* Certain altered states of the nervous system hkewise occasion 
an extensive formation of sugar m the system. 


2o2 
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After diTinoa of the spmal cord just below the phremca, the tem¬ 
perature falls, and the tranafdrmation of hepatine into sugar after death 
IS so slow, that the process is easily recognized under its true light 
In the livers of animals naturally of low temperature, such as the 
frog, the oyster, and the mussel, it is a matter of the greatest facility 
to show that the organ is free from sugar during hfe. or at the period 
of death. 

The ingestion of starchy and sacchanne substances leads to a great 
accumulation of hepatine in the liver The liver itself becomes also 
greatly increased in size. 

The average weight of the liver in eleven dc^s fed upon an animal 
diet was that of the animal An analysis of seven of the livers 
gave an average per-centage of hepatine amounting to 7 19 
Five dogs upon a vegetable diet gave an average weight of liver 
equal to -j^th that of the animal An analysis of three of the livers 
gave an average per-centage of hepatine amountmg to 17 23 
Four dogs upon a diet of animal food with a large admixture of 
sugar, gave an average weight of hver equal to iJjth of that of the 
animal An analysis of the four hvers gave a per-centage of hepa- 
tiue precipitate amounting to 14*5. 

Expenments made upon the rabbit confirm these results obtained 
upon the dog^ showuig that saccharine and amylaceous materials re¬ 
ceived as food are converted by the liver into hepatine The author 
looks upon this as a strong fact in opposition to the glucogenic 
theory. He conceives it to be m the highest degree improbable that 
sngar should be transformed into hepatine by the hver for the pur¬ 
pose of coming bsek again into sugar m the same organ. 

In the toansformatlon of hepatine into sugar in the liver after 
death, the average of four analyses gives a loss of one part and a half 
of hepatine for the production of one part of sugar 
Hepotme stands in direct opposition to sugar in regard to its pro¬ 
perty of diffiiBibihty. Its power of difhision the author has found 
to be so low. that it does not pass at an ordinary pressure through 
animal membmnes* Sugar and bepatme being mixed together and 
placed on one nde of a piece of bladder in an endosmotic apparatus, 
ilie sugar diffuses itself and leaves the hepatine behind. This phy¬ 
sical property of hepatine harmonises with its retention in the hepatic 
cells under a natural state of the circulation 
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Ligature of the portal rem causes the liver to become stronglj 
saochanne. The blood also m the system gives a strong reaction of 
sugar, and in one experiment the unne yielded just a traceable indi¬ 
cation with the copper solution The fact that the blood thus be¬ 
comes saccharine on interrupting the flow of blood through the 
portal vein^ stands directly in opposition to the result that might 
have been expected under the glucogenic theory 
In a communication preseuted to the Royal Society m 1859, it 
was shown that mjuiy to certain parts of the sympathetic system 
produces most rapidly a strongly diabetic state It has smee been 
found that the introduction of carbonate of soda largely into the cir¬ 
culation altogether prevents this effect 


IX A new Ozone box and Test-slips/' By E J Lown^ Esq.i 
F.R A.S , F.L 8 &c. Communicated by John Lke, LL B. 
Received April 16, I860. 

The ordinary form of Ozone-box being very cumbersome, the pre¬ 
sent one has been contrived to supersede it* The box is simple in 
construction, small in size, and cylindrical in form, the chamber m 
which the teH*9ltp» are hung is perfectly dark, and at the same time 
there is a constant current of air circulating through it, no matter 
from what quarter of the compass the wmd is blowing The ur 
either passes m at the lower portion of the box and travels round a 
circular chamber twice, until it reaches the centre (where the test- 
sbps are hung) and then out again at the upper portion of the box 
m the same circular manner, or in at the top and out again at the 
bottom of the box 

Fig. 1 represents a section of the upper portion of the box, diowing 


Fig 1 Fig 2 



* A specimen of the uutniiiient was forwsrdedjv^th the paper. 
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the maimer m which the air enters and moves along to the centre 
chamber (where the test-slip is hung at A), and figure 2 represents 
a section of the lower half of the box where the air circulates lu the 
opposite dtrectionf leaving the box on the side opposite to that on 
which it had entered 

The box has been tested and fonud to work well 

On three different dateSi when there was much osone, test-shps were 
hung in one box^ whilst others were hang m another which hod the 
two entrances sealed up m order that no current of air should pass 
through» the result was satisfactory, m •— 

Example New ozone-box New ozone-box waled up 

1 10 0 

2 9 0 

3 ^ 0 

Then again, in five examples of test>slips being exposed without 
any box, m comparison with those placed in this now box, the result 
was — 


Example 

In new ozone-box 

Exposed to north without 
a box 

1 

10 

9 

2 

9 

9 

3 

7 

7 

4 

10 

5 

.5 

2 

0 


The ozone-box is capable of being suspended at an elevation above 
the ground, and this appears to be a great advantage* because eleva¬ 
tion seems necessary in order to get a proper current of air to pass 
across the test-slips, indeed as an instance it may^be mentionedi that 
at an elevation of 20 feet there is almost always more mdication of 
ozone than at 5 feet. 

The plan adopted here is to suspend the box to a X support it 
being drawn up to its proper place by means of a thb rope passing 
over a pulley, and there is less trouble in examining and changing 
the te8b>8lips m this manner than there was in the old method. 

The box, as described, is made by Messrs. Negretti and Zambra 
of Hatton Garden. 

It has been urged that a box was scarcely necessary for oaoue 
test-shps * but as the papers fade on exposure to light, it must be 
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evident that in order to raster the maximum amount of oxone a 
dark box is required 

—Paper-Blips being so fragile, I have subfltituted others 
made of calico The calico ib to all intents and purposes chemically 
pure, containing only a few granules of starch, used in the first pro¬ 
cess of its manufacture, which it is very difiieult to remove, being 
enveloped in the cotton fibre, it is, however, thought to be purer than 
the paper that is used for these test-shps, every precaution having 
been taken to make it so 

RemlU of ohaervahoM —The following Tables have been con¬ 
structed from observations made between the 1st of May, 1859, and 
the Slat of March, 1860 


Table L 

Mean amount of Oxone observed from Test-shps hung for twelve 
hours, both at night and m the daytime, in companson with others 
hung for twenty-four hours 



Popen expoaed for 

Pupen cxpoied for 

Differrace 

Thiring the montli of 

twelve hours 

twenty four hours. 

between twelve 









Dqr 

Night 

rtiLe 

Dsy 

Night 

Piire 

houM 

1869 May 

Mn 

18 

08 

1 1 

18 

08 

«; 

0-0 

June 

Bin 

08 

01 

13 

1 5 

0-9 

Ofi 

06 

July 

BiTfl 

10 

01 

19 

13 

01 

0*3 

03 

August 


14 

07 

19 

1 8 

06 

05 

04 

September 


96 

0 7 

95 

30 

05 

06 

0-4 

October 

Bf'l 

0-7 

0 9 

ma 

08 

09 

(P9 

09 

November« 


17 

09 

1 8 

21 


03 

0-4 

December, 


2-0 

oa 

91 

95 

04 

04 

05 

1860 Jsuuary 

88 

98 


32 

35 

03 

04 

0*7 

February 

93 

mTm 

05 

9-6 

30 

04 

03 

09 

March 

48 

Bl 

03 

59 

56 

04 

03 

04 

Mean , 

17 

9-0 

m 

91 

95 

04 


05 


The oxone being always in excess in the night, and the tests exposed 
for twenty-four hours showing always an excess over those only ex¬ 
posed for twelve hours 















584 


Tabu II 


Number of observattons without any visible osone 


Month 

Dunng the night 

1 During the 4bcr 

^relfc houre* 
ex|K»urf 

Twenty-four 
houn* expoenie 1 

Twelve honn* 
ezpoiuie 

Twenty-fonr 
hours* eiposure 

1800 May 


4 1 

19 

12 

June 



15 

9 

July 


12 

IH 

13 

August 

10 

4 

15 

9 

September 

2 

0 

0 

0 

October 

10 

12 

18 

14 

November ' 

10 

7 

10 

10 

December 

10 

5 

7 

5 

1809 January 

8 

6 

7 

5 

February « 

12 

h 

0 

' 9 

March 

0 

0 

0 1 

0 

Number of dayi 

113 

66 

IlH j 

8h 


Mean amount of ozone with the box suspended at the height of 

25 feet 


1H69 December 24 hours' exposure ssS 0 
1800 Jsjiuary 24 hoon’ cxiKMure ss3 9 
Febmsry 24 hours' exposure ss8*7 
March 24 hours' exposure 0 


48 hours* exposure ss5 0 
48 hours' exposure bs 4 5 
48 hours' exposure =5 4 
48 hoars' exposure as6 4 


Mean amount of ozone with the box suspended at the height of 
40 feet, March 1860, with twenty-four hours’ exposure n7 1 


X On the Temperature of the Flowers and Leaves of Plants 
By E J Lowe, Esq, F.K.A.S, F L S &c. Communicated 
by Thomas Bell, Esq, PX S., V.P B.S. &c. Beooived 
April 16, 186ff 

(Abstract) 

The present observations were made in order to ascertain whether 
difibrent plants and flowers influence the temperature of the air 
immediately over them. The author was induced to undertake the 
inquiry from what he had noticed whilst makmg observations on the 
iall-cloiid, or white mist of the vaUey, as it is usually called. 

In the autumn of 1858 it was repeatedly noUoed that vqiour 
formed first over those fields from which hay had been gathered m 
the summer, and whudi were covered with a good crop of 
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The liiifltB then gradually formed over the shorter grass of the pasture 
fields, yet. unless when tlie fog was very thick, it never formed over 
stubble fields (t e. where com had grown) It was further observed, 
that at times when undrained or imperfectly-drained ploughed fields 
had this mist, those that were better drained were free from vapour, 
moreover, the furrows or low places of a field were the spots on 
which fogs first formed. 

Hedges, on the contrary, seem to have a repulsive mfiuence on 
fogs, the author has seen a field in which the mist rose higher than 
the hedges, but did not flow over or even touch them, but at length 
poured out through tlie gateway in a long dense column 

These peculiarities seemed to be owing either to the different tern- 
]>eratur6B of different trees and vegetables, or of the soils on which 
they grew, or perhaps to both. To determine this, the author has 
tested os carefully as possible the temperature of various flowers in 
comparison with that of grass, as well as that of different soils, imi¬ 
tating artificially the conditions of drained and undrained fields, so 
that the observations might be made close together, and therefore 
better cotuparablo with each other In this latter series, which is 
not yet completed, and docs not form part of the present paper, 
daily records are made of the greatest heat and cold on the surface 
of soils, sand, gravel, clay, &c, as well as above the ground, and 
from 2 to B inches below the surface 

The thermometers employed were constructed by Messrs Ncgretti 
and Zambra, they are self-rcgistenng, and entirely of glass, the de¬ 
grees being engraved on the tube, and rendered more distinctly visible 
by means of enamel at the back Some of the mstruments are of 
veiy small size, m order that they may be placed withm the tubes of 
certain flowers 

All the observations were earned on by myself at the Beeston 
Observatory 

At first the thermometers were placed over the growii^ plant, and 
afterwards the flowers and leaves were arranged m bottles of water, 
and either exposed to full sunshine, or placed m the shade, the 
bottles being sunk in the ground to the level of the grass, filled with 
a bunch of flowers, and the thermometers placed immediatdy over 
them 

IVith regard to the readings on the grass and on the common 
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Daii^ {Bdl%$ perenhu)^ it flhoald be fnentioned that a portion of the 
grass was idieoted where a large group of daisies were fullj m bloom, 
and within a foot of this anotjier space where every daisy was oare- 
fully cut off from a circle of 12 inches, in the centre of which a 
second thermometer was placed on the grass, so that these records are 
very conclusive as regards the growmg plant 

Beanng upon this subject, it is proper to state, from a senes of 
experiments with thermometers placed m full sunshine on the grass, 
and at 4 feet above the grass, that in winter the tempemture on the 
grass is always lower than at 4 feet, whilst in summer the reverse 
takes place, the thermometers reading almost alike for a short time 
in spring and autumn To thu circumstanoe may be attnbutcd the 
less sinking results in hot weather, especially where the difference 
between the grass and a flower is only from P to 2° 

T^les stating the details of the observations, which extended from 
February 26 to September 19,1859, and from the 22ud to the 27th 
of March, 1860, are given in the paper The author subjoins the 
following as the principal results *— 

Great differences occur from tune to time m the temperature of 
plants, and much depends upon the meteorology of the day, the dif¬ 
ferences being usually greater with a cloudless sky than with one 
which IS loaded with doud. The time of day seems also to operate 
on some plants to a groat degree; as an instance, the ^rtca Aeriacea, 
which between 1 and 2 v m had diown a warmth of above 5^ over 
that of the grass, by 3 o’clock was only P warmer, and by 4 o’dook 
was colder than the grass. 

In the majonty of mstances grassis colder than flowers, as shown 
by the following examples — 

1. Eleven observai;ionB on Jk^hne eneorum in comparison with 
grass. 

The mean gives Ik^pkM rnmrum 1^*2 warmer than grass. The 
temperatures range between 41^ and 73^ 3. In nine cases the tem¬ 
perature was wannest over Jk^hne eneorum^ the greatest ^ffbrenoe 
beuig 3®7. 

2. Thirty-nine observations on Gsntuma aemU* in oompsnscHi 
with grass 

The mesn gives Gentiima ocauhs 2^ warmer than grass. The 
temperatures range between 41*^ and 89^*8 In thirty-four oases the 
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temperature was warmest over C^twna aeati/is, the greatest differ¬ 
ence being 7” 9 

3 Eight observations on Ibert» eemperetrens in companson with 
grass 

The mean gives Ibem^mpervirens 2^ 3 wanner than grass. The 
temperatures range between 41^ and 63^ 2. In seven cases the 
temperature was warmest over Jbert9 $empermrenSt the greatest 
difference being 3° 1 

4 Ten observations on Alyunm tortuomm in companson with 
grass 

The mean gives Aly$»um toriuomm 2^ 3 warmer than grass 
The temperatures range between 41^ and 88^ 9, m every case being 
warmer than grass» the greatest difference being 3^ 7 

5. Eleven observations of a white Daisy in companson with grass 

The mean gives the Daisy 0° 2 hotter than grass, the range of 
temperature fhim 40° 3 to 80° 5 Greatest difference 4° 4 

6 Seven observations of Ferontca a^tna m companson with 
grass. 

The mean gives rerontco alpina 1° 9 warmer than grass , the 
temperature ranging from 42° 8 to 66°*5 In no instance was it 
lower than grass Greatest difference 5° 0. 

7 Seven observations of Afyuum iortuowm in companson with 
Meieda/irutMeew 

The mean gives Afyswm iortuosum 2° 4 hotter than Ee$eda 

8 Thirty*three observations of Tuhpa Ge$nenam in companson 
with grass. 

The mean gives TiA^a Oe$nmana 1° 9 hotter than grass ^ the 
temperature raagmg between 31° 4 and 96° 5 In twenty-five in- 
•taooes it was warmer than grass Greatest difference 12°*8. 

9« Twenty-eight observaUons of E 9 eh$cMtjfta eroctu m oompari- 
son with grass. 

The mesn fpm the SteA§eMtM 3° 6 warmer than glass; the 
temperatnre nmj^ between 37° and 102° 3. In twenty^finir in- 
stancesitwas wanner than thegrass. Greatest^erenoe withblaok 
bulb 15°7. 

10. Ten observations oflahum concofer m companson with grass. 

The mean gives LUtim emcolor 2°*9 wanner than gnss; the 
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tempeTRtare rang^g between 64^ and 85^^* 7. In eveiy inatance U 
was warmer, the greatest difference being 6^ 6 

11 Eleven observations of Falenana iuberosa m comparison with 
grass 

The mean gives the Valennn 0^ 5 warmer than grass, the tem¬ 
perature ranging between 52^ 6 and 73^ In seven instances it was 
warmer than the gross, the greatest difference being 3° 3. 

[In the last four examples the temperature at night, and the 
maximum with black bulb are included, so that the former will tend 
to lower the result and the latter to raise it ] 


XI "Reduction and Discussion of the Deviations of the Com¬ 
pass observed on board of all the Iron-built Ships and a 
selection of the Wood-built Steam-ships in Her Majesty’s 
Navy, and the Iron Steam-ship * Great Eastern’;" being a 
Report to the Hydrographer of the Admiralty By Fan- 
nuuica J Evans, Esq Communicated by the Lords 
Commissioners of the Admiralty Received May 6,1860. 

(Abstract.) 

The analysts of the deviations of the compass in this paper com¬ 
prises the observations made in fbrty-two irof ships, varying m aise 
ftom 3400 to 165 tons, a selection of wood-built screw and paddle- 
wheel steam-vessels, as also the steam-ship * Great Eastern* at various 
times pnor to her departure from England. 

The observations made in the iron-built ships extend over periods 
varying betwerai thirteen and five years, and having been made with 
the same descnptiou of compass—the Admiralty standard—and under 
similar conditions of arrangement and situation, in accordance with 
the system carried out m Her Miyesty’s Navy, details of which are 
given, the general results are strictly comparable 

In the andyais of the Tablei^ amounting to neatiy 250 m num¬ 
ber, uf deviations observed in vinous parts of both hemispheres, the 
fbnmda deduced ifirom Poisson’s General ^uatums by Mr. Avdii- 
bald Smith, given m the Plulosophical Traimctums for 1646, p« 348, 
baa been employed. 

In this formula, the deviation of the compass on board ddp. 
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reckoned positive when the north point of the needle deviates to the 
east, M given hj the following expression — 

Deviation (5 )«bA+B sin4'+C cos ^'-i-D sin +B cos 2(\ 

a being the azimuth (by compass) of the ship's hcad» reckoned 
from the magnetic north towards the east, 

A, E being constant coefficients depending only on the amount, 
quality, and arrangement or position of the iron in the ship . B and 
C, coefficients depending on these, and also on the magnetic dip and 
horizontal intensity, are each consisting of two parts, one caused by 
the permanent magnetism of the hard iron, the deviation produced 
by which vanes inversely as the honzontal force at the place , and the 
other, caused by the vertical part of the earth's force inducing the 
soft iron m the ship, the deviation produced by which vanes as the 
tangent of the dip B representing that part of the combined attrac¬ 
tion acting in a fore-and-aft direction, C that acting in a transverse, 
or athwart-ship direction 

From the equation tan —g, the direction of the ship's force, and 

VB^+C*, the total magnetic force of the ship in proportion to the 
honzontal force at the place of observation is obtained for con¬ 
venience, 1000 has been adopteii to represent the value of the earth's 
horizontal force at the English ports of observation, in order, by an 
easy companson, to note the changes on foreign stations 

By comparison of the coefficients of the several dcscnptions of 
ships, it IB observed that in wood-built steam-vessels, the coefficients 
B and C vary nearly as the tangent of the dip, from whence it may 
be inferred, as a general rule, that in steam machinery permanent 
magnetism bears but a small proportion to induced, but m iron- 
bmlt ships, B and C generally vary more nearly as the mverse hori¬ 
zontal force, showing that they depend more on the permanent 
magnetism of the iron of the ship, and thus confirmmg the view of 
the Astronomer Royal, given m his earhest deductions (Fhil. Trans. 
1639), that the effect of trannent mduced magnetism is m these 
ships small oompantively. Numerous examples are given in detul 
of this permanen <7 of magneUsm, as also of the gradual diminution 
of the ship's fbree resulting from tune. 

An investigation of the coefficient D, which is caused entirely by 
the horizontal induction of the soft iron in the ship, and which is 
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known as the ** qnadrantal ’* demtum, Bhows, that while in wood- 
built Bteam-shipB it Beldom exceeds P or it naeB in iron-bnilt 
ships from to 6° and the LiTeqiool Cumpass-Comnuttee 
recording even a point of the compass. 

The chief characteristics of the quadrantal deviationi as developed 
m this investigation, are— 

1 That it has invariably a positive sign, causing an easterly 
deviation m the N £ and S W quadrants, and a westerly deviation 
m the S £. and N W. quadrants 

2. Its amount does not appear to depend on the size, or mass of 
the vessel, or direction when buildmg, or on the existence of iron 
beams 

3. That a gradual decrease m amount has occurred, after the 
lapse of a number of years, in nearly every vessel that has been 
observed 

4. That the value remains unchanged in sign and amount, on 
changes of geographic position 

5. That a value not exceeding 4^, and ranging between that 
amount and 2°, may be assumed to represent the average or normal 
amount in vessels of all sizes. 

Numerous examples are given in,support of these propositions, as 
also of the umforraity of the amount of quadrantal deviation when 
determmed m various parts of the ship, and, assuming the normal 
amount in iron steam-ships as from 2° to 4^ an analysis is given by 
which it is seen that 75 per cent, of the iron dups of the Royal Navy 
are included m this condition. 

Two questions of importance here arise, are the results of this ana¬ 
lysis oondosive, and if so, under what conditions do large quadrantal 
denations occur? Reverting to the Astronomer Royal’s early expen- 
ments in 1838-39, in the iron ships ^Rambow’and Uronsides,’ whose 
values were very small, and presuming that those vessels were built 
of good material—from their then expenmental diaracter—also 
that similar conditions of material of good quahty exist in the iron 
^ps of the Royal Navy, it » assumed that the value (2^ to 4^) re¬ 
presents the average condition of a ship built of the best or superior 
iron. 

On the o&er hand, can the inference be drawn that large quodrantd 
deviation in an iron ship implies that infwmr matenal has been used 
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in her oonatruction ? Attention is here directed to the ships ' Birken¬ 
head ’ and * Royal Charter,* which from their well-known magnetic 
coefficients may be regarded as the types respectively of “hard** 
and “soft** iron coiistmcted vessels, and from their consideration, 
as also from a review of the general resnlts, these conclusions are 
denved }«— 

1 That m an iron ship of ordinary dimensions, a standard com¬ 
pass can be placed, the deviations of which will hut little exceed those 
obtaimng in wood-huilt steam-ships, and further, that on changes of 
geographic position, however distant, these deviations will be within 
smaller limits, and can bo approximately predicted 

2 A divergence trom these couditioiis will arise when the inductive 
magnetism of the hull or machinery predominates, and it is inferred, 
especially from the example of the * Royal Charter,* that large qua- 
drantal deviation and fluctuating sub-permanent magnetism (due to 
hull alone) are co-existent, and give nse to conditions of compass 
disturhanco which are beyond prediction, and which have hitherto 
Iboffied inquiry and given a complexion to theoretical deductions 
varying as regarded from different points of view 

In order to examine the change which the ongtnal magnetism of 
an iron ship undergoes after launching, a senes of compass observa- 
tions were made m the steam-ship * Great Eastern* pnor to her quit¬ 
ting the River Thames m 1659, and subsequently at Portland, Holy- 
head, and Southampton*—at the three first-named places withm 
short penods of tune of each other 

The results, ftom an Admiralty Standard Compass placed m a 
position the least subjeot to influence from local masses of iron, were 
as follows.—In the first five days, from Deptford to Portland, the 
ship’s force had dimmished from 0 685 to 0'480 [the earth’s force 
&sl*000], or nearly one-fifth, representmg a decrease m the “semi- 
cireular’* deviation trom 35^ 50^ to 28^ 45^, the direction of the 
force, or neutral pomts, approaching the fore-and-aft line by 
or changuig from 47° on the starboard bow to 37°« 

At the expiration of tiie next six weeks, the ship m the interim 
having made the passage to Holyhead, the ship’s foroe diminished 
from 0 480 to 0*390, or about one-sixth, corresponding to a decrease 

* The obsenrofiow si Southampton were made after the piper wu eommuni- 
osted to the ^yal Soole^, and are Introduced by way of lap^mant. 
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of “ Bemicircalor'’ deviatioD from 28° 45' to 23° O', the direction of 
the force changing from 37° to 32° 

At Southampton, in June 1860, or nearly eight montha after the 
expenmentfl made at Holyhead, the force had further dimimahed 
from 0 390 to 0*235, or by one-half, rorresponding to a decrease in 
the ** semicircular'* deviation from 23^ 0' to 13° 30', whilst the 
direction of the force approached the fore and-aft line 25°, or from 
32° to 7°, the quadrantal deviation remaining nearly constant 
[+4^°] the whole time included in the various observations 

The unvarying tendency of the direction of the ship's force in the 
' Great Eastern ’ to assume a fore-and-aft line, supports the view that 
time, with the vibrations and concussions due to sea service, leads to 
a distribution of the magnetic hnes, of the nature of a stable equili¬ 
brium depending on the average of the inducing forces to which the 
ship 18 exposed, the respective sections of the hull having north and 
south polanty, being ae|mrated by lines approximating more nearly 
a horizontal plane and vertical axis through the body of the ship, 
instead of the iiicimed axis and equatorial plane of separation due to 
the magnetic dip of the locality, and divergence from the magnetic 
meridian, of the hull while building 

The practical information resulting from the example of the 'Great 
Eastern * is, that pnor to a newly built iron ship being sent to sea, 
her bead during equipment should be secured in an opposite direction 
to that in which she was built, and that the magnetic lines should 
be assisted to be "shaken down ** by the nbrations of the machinery 
m a short preparatory tnp pnor to the determination of her compass 
errors, or their compensatiou, but espeewUy that in the early voy¬ 
ages vigilant supemsiQn should be exercised in the determination of 
the compass disturbances 

Another important point, generally neglected when compasses are 
abutted by the aid of magnets m a newly bmlt iron ship, is rendered 
manifest by the results of this investigation, namely, the necessity 
of the errors of the ooropass being determined and placed on record 
prior to the adjushnrat Without the knowledge to be derived from 
these observations of the magnetic force of the ship, all future 
changes of magnetism and consequent errorB of the compass are 
mere guesswork both to those who adjust, and those in charge of 
the navigation of the ship! 
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It U recommended that, in any future legislation xor the security 
of the navigation of our mercantile marine with reference to iron- 
built ships, the determination and record of these prehmiuary obser 
vations should be secured 

The paper concludes by directing attention to the general pnii- 
ciples of practical import which result from the mvestigation, viz as 
to the best direction with reference to the magnetic meridian for the 
keel and head of an iron ship to be placed in bmldmg, to ensure the 
least compass disturbance, the best position and arrangement for a 
compass to ensure small deviations, and permanency on changes of 
geographic position, and the changes to which the compass is luihlc 
from various causes on the foregoing conditions being fulfilled 
For the best direction in building, it is shown that, from the nature 
of the polarity of the hull, and especially of the top sides in the after 
section of the ship and adjouiing the compass, where usually placed, 
the latter is least affected in those vessels built m the line of the mag¬ 
netic mendian 

For iron steam-vessels engaged in the home or foreign trades m 
the northern hemisphere, it is recommended, from the then antago¬ 
nistic magnetic mfluence of the hull and machinery, to budd them 
head to the north for iron sailing vessels, from the top sides, m the 
usuid position of the compass, being magnetically weak if built head 
to the south, the latter dwection is to be preferred 
The selection for the position of the compass depends on the 
direction of the ship during building, m those built head to north, 
it moat be removed as far from the stern as couveuienoe will permit, 
m those built head to south, as near to the stern as convenient, hut 
avoidu^ especially, m all cases, proximity to veitical mnsses of iron 
In ships built head east or west, there is little choice of position in 
those built on the intercardinal points, a jicsition epproximatmg to 
the stem when the action from the top-sides—^to be determined expe¬ 
rimentally —^18 at a mmimum, is to be preferred 
Ample elevation above the deck and exact position m the middle 
line of the dup, are primary conditions to be observed; and no oom- 
pasB dioidd be nearer iron deck beams than 4 feet. Aa every piece of 
iron not forming « part of, or hammered m the fabncatiou of the 
hull, sneb as the rudder, fonnd, fastening of deck houses, is of 
amagnetio character ddfering from the hull of the ship, proximity to 
TOt. X. 2 r 
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any tmch should be avoided, and, as far aa possible, the compass 
should be ao placed that they may act as correctors of the general 
magnetiim of the hall 

As most compasses are affected by the magnetism of the ship to 
an amount depending on their elevation, and the direction of the ship 
m building, the disturbances will be large comparatively, except in 
those vessels built head east or west 

A senes of Tables la appended, wherein the magnetic coefficients 
and ship’s force and direction of the vanous classes of vessels are 
given, the ships being classed according to the nature of their matc- 
nal and machinery 


XII, "On the Sources of the Nitrogen of Vegetation; with 
special reference to the Question whether Plants assimilate 
free or uncombined Nitrogen ** By J B Lawss, Esq , 
F R.S , J H. Gilbert, PhD., F R S , and Evan Puoh, 
Ph.D , F C.S, Received June 21,1860 

(Abstract) 

After refemug to the earlier historv of the subject, and especially 
to the conclusion of Saussure, that plants derive their nitrogen from 
the nitrogenous compounds of the soil and the small amount of 
ammonia which he found to exist in the atmosphere, the Authors 
preface the discussion of their own experiments on the sources of the 
nitrogen of plants, by a consideration of the most prominent fkets 
establubed by their own investigations concemmg the amount of 
nitrogen yielded by different crops over a §^n area of land, and of 
the relation of these to certain measured, or known sources of it 
On growing the same crop year after year on the same land, with¬ 
out any supply of nitrogen by manure, it was found that wheat, over 
a period of 14 years, had g^en rather more than 30 Iba *-^barlqr, 
over a period of 6 years, somewhat less—meadow-hay, over a period 
of 3 years, nearly 40 lbs —and beans, over 11 yean, rather more than 
50 lbs of nitrogen, per acre, per annum. Clover, another leguminons 
crop, grown in 3 out of 4 eonaecutive years, had given an average of 
TiOlbs. Turnips, over 8 consecutive years, had yielded about 45lbs 
Hie grttbinaeecma crops had not, during the period referred to, 
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shown signs of diminution of produce The yield of the legiinn- 
nous crops had fallen considerably Turnips, agun, appeared greatly 
to have exhausted the immediately available nitrogen m the soil The 
amount of nitrogen harvested in the leguminous and root crops was 
considerably increased by the use of “ mineral manures," whilst that 
in the graminaceous crops was so m a very hmited degree 

Direct experiments further showed that pretty nearly the same 
amount of nitrogen was taken from a given area of land m wheat 
in 8 years, whether 8 crops were grown consecutively, 4 in altema' 
tion with fallow, or 4 in alternation with beans 

Taking the results of G separate courses of rotation, Boussingault 
obtained an average of between one*third and one-half more nitrogen 
m the produce than had been supphed m manure His largest 
yields of nitrogen were m the leguminous crops, and the cereal 
crops were larger, when they next succeeded the remo%al of the 
highl} nitrogenous leguminous crops In their own experiments 
upon an actual course of rotation, without manure, the Authors 
had obtained, over 8 }ear8, an average annual yield of 57 7 lbs. of 
nitrogen per acre, about twice as much as was obtained m either 
wheat or barley, when they were, respectively, grown year after year 
on the same land The greatest yield of nitrogen had been m a clover 
crop, grown once dunng the 8 years, and the wheat crops grown 
after this clover iti the first course of 4 years, and after beans m the 
second course, were about double those obtained when wheat suc¬ 
ceeded wheat 

Thus, ceieal crops grown year after vear on the same land, 
gave an average of about 30 lbs of nitrogen, per acre, per annum. 
and leguminous crops much more Nevertheless the cereal crop 
was nearly doubled when preceded by a leguminous one It was 
also about tkmbled when preceded by fallow Lastly, an entirely 
unmanured rotation had yielded nearly twice as mudi nitrogen as 
the oontmuously grown cereals 

Leguminous crops were, however, little benefited, indeed fre¬ 
quently injured, by the use of the ordinary direct nitrogenous ma¬ 
nures. Cereal crops, on the other hand, though their yield of ni¬ 
trogen was comparatively srasU, were veiy much increased by dfaeet 
nitrogenous manure8» as weli as when they succeeded a highly nitro¬ 
genous legaminous crop, or fallow. But when nitrogenous manum 

2f2 
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hftd been employed for the increased grovrth of the eercalSi the 
nitrogen in the immediate increase of produce had amounted to little 
more than 40 per cent of that supplied, and that in the increase of 
the second year after the application, to little more than one-tenth 
of the remainder Estimated in the same way, there had been in 
the case of the meadow grasses scarcely any larger j)roportion of 
the snpphed nitrogen recoyered In the leguminous crops the pro¬ 
portion so recovered appeared to be even less, whilst m the root 
crops it was probably somewhat greater Several possible explana 
tiuns of this real or apparent loss of the nitrogen supplied hy 
manure are enumerated 

The question anses—what are the sources of all the nitrogen of 
our crops beyond that which is directly supplied to the soil by arti¬ 
ficial means? The following actual or possible sources may be 
enumerated *—the nitrogen in certain constituent minerals of the 
soil, the combined nitrogen annually coming down iii the direct 
aqueous depositions from the atmosphere, the accumulation of 
combined nitrogen from the atmosphere by the soil m other wa^s, 
the formation of ammonia m the soil from tree nitrogen and nascent 
hydrogen, the formation of nitric acid from free nitrogen, the 
direct absorption of combined nitrogen ftom the atmosphere by 
plants themselves, the assimilation of free mtrogen by plants 

A consideration of these several sources of the nitrogen of the 
vegetation which covers the earth's surface showed that those of 
them which have as yet been quantitatively estimated are inadequate 
to account for the amount of nitrogen obtained m the annual pro¬ 
duce of a given area of land beyond that which may be attributed 
to supplies by previous manunng Those, on the other hand, which 
have not yet been even approximately estimated as to quantity 
—if indeed fully established qualitatively—offer many practical 
difficulties in the way of such an investigation as would afford results 
applicable in any such estimates as ore here supposed. It appeared 
important, therefore^ to endeavour to settle the question whether or 
not that vast storehouse of nitrogen, the atmosphere, affbrds to 
growing phmts any measurable amount of its free nitrogen. More- 
ovw, this qoeeboD bad of late yean been submitted to very extended 
and labonous experimental researches by M. Boussingault, M. Ville, 
and also to more kmited investigation by MM Mbne, Roy, Gon, 



547 


De Luca, Harting^ Petsholdt and othera, from the raaults of which 
diamettically opposite condusions had been amved at Before enter* 
iDg on the discussion of their own experimental evidence, the Authors 
give a review of these results and inferences, more especiallj those of 
M Boussmgault who questions, and those of M. Georges Ville who 
affirms the assimilation of J^ee nitrogen in the process of vegeta¬ 
tion. 

The general method of experiment instituted by Boussingault, 
which has been followed, with more or less modification, iii most 
subsequent researches, was that adopted by tbe Authors m tbc pre¬ 
sent inquiry, namely, to set seeds or young plants, the amount of 
nitrogen m which was estimated by the analysis of carefully chosen 
similar specimens, to employ soils and water containing either no 
combmed mtrogen, or only known quantities of it, to allow the 
access of free air (the plants being protected from ram and dost)— 
of a current of air freed by washing from all combined mtrogen—or 
of a limited quantity of air, too small to be of any avail so far as any 
compounds of nitrogen oontauied in it were concerned, and finally, 
to determine the amount of combined nitrogen in tbe plants pro¬ 
duced, and in the soil, pot, Ac., and so to provide the means of 
estimating the gam or loss of mtrogen during the course of the ex¬ 
periment 

The plan adopted by the Autliors m discussing their own expen- 
mental results, was— 

To consider the conditions to be fulfilled in order to effect the 
solution of the mam question, and to endeavour to diminate all 
sources of error m the mvestigation 

To examme a number of collateral questions bearing upon the 
points at issue, and to endeavour so for to solve them, as to reduce 
the general solution to that of a smgle question to be answered by 
the results of a final set of experiments. 

To give the results of the final experiments, and to discuss their 
beanngs upon the question which it is proposed to solve by them. 

Accordingly, the followmg points are considered *— 

1, The preparation of the soil, or matrix, for the reoqitum of tbe 
plants and of the nutriment to be suppbed to them 

2. The preparation of the nutriment, embraomg that of mineral 
constituents, of certain solutions, and of water 
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3 The oonditione of atmoephere to be supplied to the pbuite* 
and the means of securing them. the apparatus to be employed^ &o. 

4. The dianges undergone by nitrogenous oiganic matter during 
decomposition, affecting the quantity of combined mtrogen present, 
m circumstances more or less analogous to those in which the expe- 
nmeutal plants are grown 

5. The action of agents, as ozone, and the influence of other 
circumstances which may affect the quantity of combined nitrogen 
present in connexion with tho plants, independently oi the direct 
action of the growing process 

In most of the expennieiits a rather clayey soil, ignited with free 
access of air, well-washed with distilled water, and re-iguitcd, was used 
as the rnatru or soil In a few cases washed and ignited pumice- 
stone was used 

Tlie mineral constituents were supplied in the form of the ash of 
plants, of the description to be grown, if practicable, and if not» of 
some closely allied kmd 

The distilled water used for the final rinsing of all the important 
parts of the apparatus and for the supply of water to the plants, was 
prepared by boiling off one-third from ordumry water, collecting the 
second third as distillate, and redistilling this, previously addnlated 
with phosphoric acid 

Most of the pots used were specially made, of porous ware, with a 
great many holes at the bottom and round the sides near to the 
bottom. These were placed in glazed stone-ware pans with mward- 
tumed rims to lessen evaporation. 

Before use, the red-hot matrix and the freshly ignited ash were 
mixed in the red-hot pot, and the whole allowed to cool over sul- 
phunc acid The soil was then moistened with distilled water, and 
after the lapse of a day or so the seeds or plants were put in. 

Very carefully picked bulks of seed were chosen, specimens of the 
average weight were taken for the experiment, end m similar speci¬ 
mens the mtrogen was determined 

The atmospbwe supplied to the plants was washed free from 
ammoma by paswag through sulphuno acid, and Chen over punuoe- 
stone saturated with sulphune amd If then passed through a soIup 
U on of carbonate of soda before entenng the apparatus endoBUg the 
plant, and it passed out again through sulphuno amd. 
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Carbouic acid, erolved from marble by meaeured quantities of 
hydrochlonc acid, was passed dady into the apparatus, after passing, 
with the air, through the sulphunc acid and the carbonate of soda 
solution 

The enclosing apparatus consisted of a large glass shade, resting m 
a groove filled with mercury, in a slate or glazed earthenware stand, 
upon which the pan, with the pot of sod, &e , was placed. Tubes 
passed under the shade, for the ingress and the egress of air, for the 
supply of water to the plants, and, in some cases, for the withdrawal 
of the water which condensed within the shade In other cases, the 
condensed water was removed by means of a special arrangement 

One advantage of the apparatus adopted was, that the washed oir 
was foiced, instead of being aspirated, through the enclosmg vessel. 
The pressure upon it was thus not only very small, and the danger 
from breakage, therefore, also small, but it was exerted upon the 
inside instead of the outside of the shade, hence, any leakage would 
be from the inside outwards, so that there was no danger of unwashed 
air gaming access to the plants. 

The conditions of atmosphere were proved to be adapted for 
healthy growth, by growing plants under exactly the same circum¬ 
stances, but in a garden soil The conditions of the artificial soil 
were shown to be suitable for the purpose, by the fact that plants 
grown in such soil, and m the artificial conditions of atmosphere, 
developed luxuriantly, if only manured with substances supplying 
combined nitrogen. 

Paasu^ to the subjects of collateral inqmry, the first question con¬ 
sidered was, whether plants growing under the conditions stated 
would be hkely to acquire mtrogen from the air through the medium 
of ozone, either withm or around the plant, or m the soil, that body 
oxidating free nitrogen, and tbns rendering it assiimlable by the 
plants 

Several senes of ezpenments were made upon the gases contained 
in plants or evolved from them, under different eircumatanoes of 
hght, shade, supply of carbonic acid, &o. When sought for, osone 
was in no case detected. The results of the inquiry in o&er re- 
pipeeti^ bearing upon the points at issue, may be briefly summed up 
as follows s— 
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1 Carbonic acid withm growing TCgetable cells and intercellular 
passages suffori deoomposiUon very rapidly on the penetration of 
the sun’s raysi oxygen being evolved 

2* Living vegetable cellsi in the dark, or not penetrated by the 
direct rays of the 8un« consnme oxygen very rapidly* carbonic acid 
being formed 

3 Hence* the proportiou of oxygen must vary greatly according 
to the position of the oellj and to the external conditions of light* and 
it will oscillate under the influence of the reducing force of carbon- 
matter (forming carbomc acid) on die one hand* and of that of the 
sun’s rays (liberating oxygen) on the other Both actions may 
go on simultaneously according to the depth of the cell * and the 
once outer cells may gradually pass fl^m the state in which the 
sunlight IS the greater reducing agent to that in which the carbon- 
matter becomes the greater 

4 The great rednemg power operating m those parts of the plant 
where ozone is most hkely* if at all* to be evolved* seems unfavour¬ 
able to the oxidation of mtrogen, that is under circumstances in 
which carbon-matter is not oxidized* but on the contrary* carbonic 
acid reduced. And where beyond the influence of the direct rays of 
the sun* the cells seem to supply an abundance of more easily oxi¬ 
dized carbon-matter* available for oxidation* should free oxygen or 
ozone be present As mtrates are available as a source of nitrogen 
to plants* if it were admitted that nitrogen is oxidated withm the 
plant* it must be supposed (as in the case of carbon) that there are 
conditions under which the oxygen compound of mtrogen may be re¬ 
duced within the organism* and that there are others in whidi the 
reverse action* namely* the oxidation of mtrogen* can take place. 

5 So great is the reducing power of certam carbon-compounds of 
vegetable substances* that when the growing process has ceased* and 
all the free oxygen m the cells has been consumed* water is ibr a 
tune decomposed* carbonic acid formed* and hydrogen evolved. 

The suggestion arises* whether ozone may not be fmmed under 
die influence of the powerful reducing action of the caibou-oom- 
pounds of the cell on the oxygen eliminated from carbonic acid hy 
sunlight* rather than under the direct action of the sunbght it«tf 
—m a manner analogous to that in which it is ordinarily obtamed 
under the influence of the active reducing agency of phosphonu 
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But, even if it were so, it may be questioned whether the oaone 
would not be at once destroyed when in contact with the carbon* 
compounds present It is more probable, however, that the osone 
said to be observed in the vicimty of vegetation, is due to the action 
of the oxygen of the air upon miuute quantities of volatile carbo- 
hydrogens emitted by plants 

Supposing ozone to be present, it might, however, be supposed to 
act in a more indirect manner os a source of combined and assimilable 
nitrogen in the Authors' experiments, namely,—by oxidatmg the 
nitrogen dissolved in the condensed water of the apparatus—by 
forming nitrates m contact with the moist, porous, and alkaline 
soil—or by oxidating the free nitrogen in the cells of the older 
roots, or that evolved in their decomposition 

Experiments were accordingly made to ascertain the influence of 
ozone upon organic matter, and on certain porous and alkaline 
bodies, under various circumstances A current of ozonous air was 
passed over the substauces for some time daily, for several months, 
inoluding the whole of the warm weather of the summer, but m 
only one case oat of eleven was any trace of mtnc acid detected, 
namely, that of garden soil, and this was proved to coutam nitrates 
before being submitted to the action of ozone. 

It is not, indeed, hence inferred that nitnc acid could under no 
arcuinstances be formed through the influence of ozone on certain 
mtre^nouB compounds, on nascent nitrogen, on gaseous mtrqgen in 
contact with porous and aikalme substances, or even in the atmosphere. 
But, considering the negative result with large quantities of ozonous 
air, acting upon organic matter, soil, &c., in a wide range of eireum- 
stances and for so long a period, it is believed that no error will be 
introduced mto the mam mvestigation by the cause referred to. 

Numerous experiments were made to determine whether free ni¬ 
trogen was evolved during the decomposition of mtrogenous organio 
compounds 

In the first senes of b expenments, wheat, barley, and bean-med 
were respectively mixed with igmted pumice and igmted soil, and 
submitted for some months to decomposiUon m a current ai dr, 
111 such manuer that auy ammonu evolved could be coUeoted and 
estimated. The result was, that, in 5 out of the 6 coses, there was 
a greater or less evolution of free nitrogen-^amounting, in two of the 
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caaesi to more than 12 per cent of the ongiual nitrogen of the eab- 
sUnee. 

The second senes consisted of 9 expenments, wheats harleyi and 
beans being agam employedi and> as before^ either ignited soil or 
pumice used as the matrix In some cases the seeds were submitted 
to expenment whole, and allowed to grow, and the vegetable matter 
produced permitted to die down and decompose In other cases, 
the ground seeds, or nteaU^ were employed The conditions of 
moisture were also varied The experiments were contuiued through 
several months, when irom 60 to 70 per cent of the carbon had 
disappeared 

In 8 out of the 9 expenments, a loss of mtrogen, evolved in the 
pure state, was indicated In most cases, the loss amounted to about 
one-seventh or one-eighth, but m one instance to 40 per cent, of the 
original nitrogen. In all these expenments the decomposition of 
tlie organic substance was very complete, and the amount of carbon 
lost was comparatively uniform 

It thus appeared that, under rare arcumstances, there might be no 
loM of mtrogen m tbe decomposition of nitrogenous organic matter, 
but that, under a wide range of circumstances, the loss was very 
considerable—a point, it may be observed, of practical importance in 
tbe management of the manures of the farm and the stable 

Numerous direct expenments showed, that when nitrogenous 
organic matter was submitted to decomposition m water, over mer- 
cuiy, in the absence of free oxygen, no free nitrogen was evolved. 
In fact, tbe evolution m question appeared to be the result of an 
oxidatmg process Direct expenments also showed, that seeds may 
be sahmitted to germipation and growth, and that nearly the whole 
of the nitrogen may be found m the vegetable matter produced. 

It IS observed that m the coses referred to, in which so large an 
evolution of free nitrogen took place, the organic substances were 
submitted to decompositiou for several months, dunng which time 
they lost two-thirds of their carbon. In the experiments on the 
question of assunilation, however, but a very small pr^Kurtum of the 
totid organic matter u submitted to d^mposmg actions apart from 
those associated with growth, and this for a comparatively Aort 
period of time, at the termination of which tbe orgamo form ts 
retained, and therefore but very little carbon is lost. It would 
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appear, then, that in expenmeute on aaaimilation no fear need be 
entertained of my eenous error arising from the evolntion of free 
nitrogen in the decomposition of the nitrc^nous organic matter 
necessanly inTolved, so long as that is subjected merely to the ex* 
haustion required to supply materials for growth m the ordinary 
process oi germination On the other hand, the facts adduced afford 
a probable explanation of any small loss of nitrogen which may occur 
when seeds haye not grown, or when leaves, or other dead matters, 
have suffered partial decomposition They also point out an objec* 
tioD to the application of nitrogenous organic manure m such expe¬ 
riments 

Although there can be uo doubt oi the evolution ol hydrogen 
during the decomposition of organic matter, aud although it has long 
been admitted that nascent hydrogen may, under certain circum¬ 
stances, combine with gaseous nitrogen and form ammonia, never¬ 
theless, from considerations stated at length in the paper, the Authors 
infer that there need be little apprehension of error m the results of 
their expenments, arising from an imaccounted supply of ammonia, 
formed under the influence of nascent hydrogen given off m the de¬ 
composition of the organic matter involved 

The Authors next consider the questions, whether assimilation of 
free nitrogen would be most likely to take place when the plant had 
no other supply of combmed nitrogen than that contained m the 
seed sown, or when supplied with a limited amount of combined 
iirtrogen, or with an excess of combined mtrogen? And again— 
whether at an early stage of growth, at the most active stage, or 
when the plant was approaching roatunty ? CombiualionB of these 
several circumstances might give a number of special conditions, in 
perhaps only one of which assimilation of free nitrogen might take 
place, in case it could in any 

It IS hardly to be supposed that free nitrogen would be assimilated 
when an excess of combined mtrogen is at the disposal of the plant 
It is obvious, however, that a wide range of conditions would be ex¬ 
perimentally provided, if, m some instances, plants were supplied 
with no more combined mtrogen than that contained m the seed, 
m others brought to a given stage of growth by means of limited 
extraneous suppbes of combmed nitrogen, and m others supj^lied 
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with eombined nitrogen in « more liberal measure It has been 
sought to provide these conditions in the expenments under con¬ 
sideration. 

In the selection of plants^ it was thought advisable to take such as 
would be adapted to the artificial conditions of temperatuTc» mmsture, 
&c. involved in the experiment, also such as were of importance in 
an agricultural pomt of view—to have representatives, moreover, of 
the two great Natural Families, the Grammacece and the Leguminosse, 
which seem to dififbr so widely in thdr relations to the combmed 
nitrogen supplied within the soil—and finally, to have some of the 
same descriptions as those experimented upon by M. Boussingault, 
and M G. Yille, with such discordant results. 

Thirteen expenments wore made, 4 in 1857 and 9 in 1858, m 
which the plants were supplied with no other combmed nitrogen 
than that contamed in the ongmai seed. In 12 of the cases pre¬ 
pared soil was the matrix, and in the remaining one prepared 
pumice. 

Of 9 experiments with graminaceous plants, 1 with wheat and 2 
with barley were made m 1857 In one of the expenments with 
barley there was again of 0 0016, and in the other of 0 0026 gramme 
of nitrogen In only two cases of the experiments with cereals m 
1858, was there any gain of nitrogen mdicated, and m both it 
amounted to only a small fraction of a milligramme Indeed, in no 
(me of the cases, m either 1857 or 1858, was there more nitrogen m 
the plants tAmselpes,4luai in the seed sown. A gain was indicated 
only when the mtrogen m the soil and pot—which together weighed 
about 1500 grammes—was brought into the calculation Moreover, 
the gam only exceeded 1 milligramme m the case of the experiments 
of 1857, when slate, instead of glaxed earthenware stands were used 
as the lute vesselB, and there was some reason to believe that the 
gam mdicated was due to this circumstance In none of the other 
cases was the gain more than would be expected from error in 
analyns. 

liie result was then, that in no one case of these expenments was 
there any anch gain of nitrogen as could 4ad to the suppositioD that 
/^ee nitrogen had been assimilated. The plants had, however, vege¬ 
tated for several months, had in moat cases more than trebled the 
carbon of the seed, and had obviottsly been limited m their growth 
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for want of a supply of available nitrogen m some form During this 

long period they were surrounded by an atmosphere containing free 
nitrogen, and their cells were penetrated by fluid saturated with that 
element It may be further mentioned^ that many of the plants 
formed glumes and palese for seed 
It 18 to be observed that the results of these expenments with 
cereals go to confirm those of M Boussingault 
The leguminous plants experimented upon did not grow so 
healthily under the artificial conditions as did the cereals Still, in all 
three of tlie cases of these plants in which no combined nitrogen 
was provided beyond tliat contained in tlie ongiual seed, the carbon 
in the vegetable matter produced was much greater than that in the 
seed—^in one instance more than 3 times greater In no case, how¬ 
ever, was there any indication of assimilation of free nitrogen, any 
more than there had been by the graminaceous plants grown under 
similar circumstances 

One expenmen t was made with buckwheat, supplied with no other 
combined nitrogen than that contained in the seed* The result gave 
no indication of assimilation of free nitrogen* 

In regard to the whole of the expenments in which the plants 
were supplied with no combined mtrogen beyond that contained in 
the seed, it may be observed that, from the constancy of the amount 
of combined nitrogen present in relation to that supphedl, throughout 
the expenments, it may be inferred, as well that there was no evolu¬ 
tion of tree nitrogen by the growing plant, as that there was no 
assiniilation of it, but it cannot hence be concluded that there would 
be no Budi evolution if an excess of combined nitrogen were supplied 
The results of a number of expenments, in ah ch the plants were 
supplied with more or less of combmed nitrogen, in the form of am- 
moiua-solts or of nitrates, are recorded Ten were with cereals, 
4 in 1857, and 6 in 1858* Three were with leguminous plants, 
and there were also some with plants of other de8criptions---«l] in 
1858 

In the case of the cereals more particularly, the growth was very 
greatly increased by the extoaneous supply of combmed nitrogen, in 
heif the amount of vegetable matter produced was 8, 12, and even 
80 times greater than in parallel cases without such supply. The 
amount of mtrogen appropriated was also, in ail cases many times 
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greater^ and in one caae more than 30 times as great, when a supply 
of oomhined nitrogen was provided The evidence u therefore sufB- 
eiently deaf that all the conditions provided, apart from those which 
depended upon a supply of combined nitrogen, were adapted for 
vigorous growth, and that the limitation of growth where no com¬ 
bined nitrogen was supplied was due to the want of such supply 

In 2 out of the 4 expenments with cereals m 1857, there was a 
Bhght gam of nitrogen beyond that which should occur from error 
in andysis, but in no one of the 6 m 1858, when glazed earthenware 
instead of slate stands were used, was there any such gam It is con¬ 
cluded, therefore, that there was no assimilation of free nitrogen 
In some cases the supply of combined nitrogen was not given until 
the plants showed signs of decline; when, on each addition, increased 
vigour was rapidly manifested In others the supply was given 
earher and was more liberal 

As in the case of the leguminous plants grown without extraneous 
supply of combined nitrogen, those grown with it progressed much 
less healthily than the graminaceous plants. But the results under 
these conditions, so far as they go, did not indicate any assimilation 
of free nitrogen 

The results of expenmeiits with plants of other descriptions, in 
which an extraneous supply of combmed nitrogen was provided, also 
failed to show an assimilation of free nitrogen 

Thus, 19 experiments with cereals, 9 without and 10 with an ex¬ 
traneous supply of combmed nitrogen—6 with leguminous plants, 
3 without and 3 with an extraneous supply of combined nitrogen, 
and ako some with other plants, have been made In none of the 
experiments, with plairts so widely different as the graminaceous and 
the leguminous, mid with a wide range of conditions of grow^, was 
there evidence of an assimilation of free nitrogen. 

The oondusions from the whole inquiry may be briefly summed 
up as follows *— 

The yield of nitrogen in the vegetation over a ^ven area, witfaih a 
g^ven time, especially in the case of leguminous crops, is not sads- 
Ikctorfly explained by reference to the hitherto quantitatively deter* 
imned supplies of oofR^tfisd nitrogen. 

The results and conclusions hidierto recorded by diflbrent expen- 
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menters on the question whether plants assimilate IVee or unoom- 
bincd nitrogen, are very conflicting 
The conditions provided in the experiments of the Authors on this 
question were found to be quite consistent with the healthy develop¬ 
ment of various Graminaceous Plants, but not so much so for that of 
the Leguminous Plants experimented upon. 

It 18 not probable that, under the circumstances of the expenments 
on assimilation, there would be any supply to the plants of an unac« 
counted quantity of combined nitrogen, due to the influence either 
of ozone or of nascent hydrogen 

It is not probable that there would be a loss of any of the com¬ 
bined nitrogen involved in an experiment on assimilation, due to the 
evolution of free nitrogen in the decomposition of organic matter, 
excepting in certain cases when it might be presupposed 

It IS not jirobnble that there would be any loss due to the evolu¬ 
tion of free nitrogen from the nitrogenous constituents of the plants 
dunng growth 

In numerous expenments with graminaceous plants, under a wide 
range of conditions of growth, in no case was there any evidence of 
an assimilation of free nitrogen 

In expenments with leguminous plants the growtli was less satis- 
factoiy, and the range of conditions was, therefore, more hmited. 
But the results with these plants, so far as they go, do not indicate 
any assimilation of free nitrogen It is desirable that the evidence 
of further expenments with such plants, under conditions of more 
healthy growth, should be obtained 
Besults obtained with some other plants, are in the same sense as 
those with graminaceous and leguminous ones, m regard to the 
question of the assimilation of free nitrogen 
Seeing the evidence afforded of the non-assimilation of/i^ee nitro¬ 
gen by plants, it is very desirable that the several actual or possible 
sources whence they may derive eomhined mtrogen should be more 
fyiy investigated, both qualitatively and quantitatively. 

If it be established that plants do not assimilate free or unoom^ 
bmed nitrogen, the source of the laige amount of oombiued nitrogen 
known to exist on the sur&ce of the globe, and m the atmosphere, 
itiU awaits a satisfimtory explanation. 
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XIII. " Obaervations made with the Polariscope danng the 
'Fox' Arctic Expedition." By David Walker, M D., 
Burgeon to the Expedition,—m a Report transmitted by 
Sir Leopold McClintocr. Communicated by Professor 
Stokes, Sec. R S Received March 7, 1860. 

The observatious made with the polariscope with one exception, 
were confined to solar halos and parhdia Several times I tried the 
instmment when lunar halos appeared, but the light was so faint that 
only once was 1 able to make an observation The direction of the 
polanaation was the same in all the cases observed, namely, in a plane 
parallel to a line joining the part looked at with the centre of the 
sun or moon In several instances the instrument was turned round so 
as to find the plane of maximum polarization, but it was always found 
greatest m the parallel or perpendicular plane * when the plane was 
oblique, no perceptible polarization at all was perceived. The light 
was never completely polarized, the greatest amount not being more 
than half, such occurred on 2l8t of April, and 5th and 6th of May 
1859 All the halos observed had a diameter of about 45*^ there 
were some seen of diameter 90'’, but the polariscope was not at hand 
at the time Almost always the hidos round the moon or sun were 
more or less prismatic, red internal. The observation on October 
10 th, 1857> was not on a halo, but the cloud which surrounded the 
moon at a distance of about had circular and prismatic edges, 
light from these edges was slightly polanzed, but not of the same 
image as in all the other instances 

Moon. 

October 7th, 1857 —Polariscope applied to ahalo round the moon, 
diameter about 45^, slight polarization, arrow and brighter image 

* nte peUiisoope enployed cooiSsted roeieljr of a d<Mibla.Ima9e prism of 
qnarte, formed of two quartz prisms out in the usual manner and cemented toge- 
tlier, which wu Sxed at the CTC-end of a tube about 18 inches long, provided at 
its other end with a reotangular i^erture having ito edges parallel and perpend, 
oalar to the ^es of polaihation of the two images, and of lurii breadth that the 
two Images Just touched each other riong one edge The plane of polarisation ef 
that image which wu polarized in a plans passing through the axis of tho instru- 
BMttt, wu marked by an airov at the eye-wid, lying in thu plane, and plaoed m 
the same side of the axis u the image in question. 



569 


both being to the left when the inetrument was lield paraUel to a Une 
joining a part of halo to the left of the moon with the moon. 

October 10th, 1857.—Polanscope applied to a prismatic luminous 
haze round the moon, three diameters of moon's radius, slight polan- 
sation, the image to the right hand being bnghter, mark on eye-end 
to left hand, instrument held honsontal, looking at the haze to the 
right of the moou 

Sun 

March 18th, 1858—-Prismatic halo round the sun's diameter 
about 45*^, With two parhelia, one on each side of the sun, instrument 
applied to the left parhelion, slight polarization, the outer or left 
image being brighter when the instrument was held in a plane parallel 
to a line joining the sun and parhelion, the eye-mark and bnghter 
image both to the left 

May 15th, 1858 —Prismatic halo round sun, diameter about 45^, 
with two parhelia, one on each side The instrument held m same 
azimuth as last obsenration, looking at left parhehon, a little stronger 
polarization, the outer image being brighter 

May 25th| 1858 —Appearances in neighbourhood of sun and par- 



A. Sun's altitads, SS"* l5^ B Circle running round heSTena, 101" dUm 

C. Glrole 22" In nditu, passing round A and intenecUng B 

D A parbdion ocoiining on circle C» 

B, An oral arc, radius hoiiaontally 27" W, perpendieolarly 22" 

P. Pttfadlhm occurring on cnoie G. 

0- Part of a drcle passing thimiglh F, 17" 15' abora borixon. 

H and 1. Two paiMia on hortsontal drrle (101" diameter), each distant ftoin 
ana 26" 30\ 
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hdiaat 1*45 p M, —Sun’s altitude 39^ 15'. A circle of diameter ^01° 
running round heavens and passing through the sun, intersected by 
another arcle, radius 22^, having the sun for its centre Another 
intersection took place at 27° 30' from the sun, on each side, by an 
arc (perpendicular), which coincided with the previous circle at an 
altitude of 22^ from the sun Four parhelia appeared, one on each 
Bide of the sun, one above and one below, through the lower one 
passed part of an arc of another circle Polanscope applied to left¬ 
side parhelion and also to halo, slight polarization of outer or left 
image, instrument held m a plane parallel to a line joining parhehon 
and sun 

July 16th, 1858, 10 40 p m — Prismatic parhelia 22° 30' on each 
Bide of sun, altitude 7^ Polariscope held in a parallel plane, 
parhelion on left of sun looked at, slight polarization, bright image 
and eye-mark both to the left hand 

November 8th, 1858, 10 a m —Prismatic parhelion distant about 
23^ from each side of sun, altitude 6° Polariscope appbed to left 
image, held horizontally (parallel), eye-mark to left, slight polariza¬ 
tion, image to left and further from sun brighter Instrument held 
in same plane, but with eye-mark to right, applied to right parhelion, 
similar shght polarization, image to right and furthest from the sun 
bnghter. 

March 30tb, 1859, 4 p m. —Pnsmatic parheha about 23° distant 
from each side of sun. Polariscope applied to image on left of the 
sun, held parallel, eye-mark to left, shght polarization, image to left 
and further from the sun bnghter Instrument held in same plane, 
but eye-mark to nght; slight polarization, image to nght and outer 
being the brighter*' 

April 21st, 1859, 7 pm —-Prismatic parhelion and port of halo 
on each side of sun distant about 22" 30' Polariscope applied to 
left-hand image, held m a parallel plane, eye-mark to left, medium 
polanzatiOD, the left or outer image bnghter. Instrument held m 
same plane with eye-mark to nght, and applied to right-hand image; 
mxtviBX medium polarization, image to nght and farther from the sun 
brighter. 

May 1st, 1859, 6 p.H.~Pruimatic parhehon with part of a halo 
on ea^ nde of sun distant 23" (about). Poknscope applied to left 
imi^pi, hrid parallel, eye-mark to left; slight polanzalion, Irffc or 
outer image brighter. Instrument held in same plane, eye-mark to 
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nght and applied to right image» ahght polarization, outer or right 
image being brighter 

May 5th, 1859, 8 pm —Prismatic parhelion with part of halo on 
each Bide of sun distant about 22° 30' Polanscopo applied to left 
image, held in a parallel plane, e> e-mark to left, medium polariza¬ 
tion, left or outer image brighter Instrument held in same plane 
and applied to right image, eye-mark to nght, similar medium pola¬ 
rization, outer or nght image biighter 

May Gth, 1859, 6 50 p m. —Prismatic parhelion and part of halo 
on each side of sun distant 22° 20' Polariscopc apphed to left 
image and held m a parallel plane, eye-mark to left, mecfitiia po¬ 
larization, outer or left image being bnghter Instrument held in 
same plane, eye-mark to nght, and applied to the right parhelion, 
similar medium polanzatum, nght or outer image being brighter 
May 20th, 1859, 8 f m —Pnsmatic arc of halo to left of sun 
distant about 23^« Polanscope apphed, held in the parallel plane!, 
eye-mark to left, slight polarization, the outer or left image being 
brighter. 

August 7tb, 1859, 7 30 p m —Pnsmatic parhelion to right of sun, 
distant about 22° 30' Polanscope applied, held m the plane of a 
line joining sun and parhelion, a httle more polanzation than in last 
observation Arrow and bnghter image both to the right 


XIV ** Notice of * The Iloyal Charter Storm' m October 1859 ” 
By Rear-Admiral IIobkrt PitzRot, FR.S. Received 
June 21, 1860 

(Abstract) 

The author commenced with some remarks on the recent progress 
of meteorology, on its advances towards precision and consistency as 
a science, and the comparative certamty and confidence with which 
it may now be rehed on in its practical applications He adverted 
also to the measures now systematically adopted by the Meteorolo¬ 
gical Department of the Board of Trade and by the Admiralty for 
promoting simultaneous meteorological observations at various places, 
and for obtainmg acourate registration of atmospherical conations at 
sea and on land in many parts of the world, and drew attention to 

2q2 
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tiie stqNi takext by these public depirtments for diffusing practical 
knowledge concerning the laws of winds and storms, and of weather 
m general, among manners and others more especially standing in 
need of such information, as well as to the practice now followed, of 
lending trustworthy meteorological instruments to commanders of 
ships able and willing to make an adequate return in the shape of 
accurate meteorological records, and of supplymg other such aids, of 
a kind specially smted to their wants, to rarious of the most exposed 
and least affluent ffshing villages 

Notice was then taken of some of the more important practical 
results derived from meteorological inquiry,—especially the remark- 
wble &ct, now fully established, of the constancy of barometric 
pressure between five and ten degrees of north latitude, the phe¬ 
nomena of cyclones, and the explanation afforded of their production, 
following Dove’s theory of polar and equatonal currents m the atmo¬ 
sphere* 

In treating of the main subject of his communication, the ** Royal 
Charter Storm ” and the severe gale of the first two days of Novem¬ 
ber last, the author made use of illustrative diagramR^ which were 
exhibited to the Meeting Of these, four, of large siae, showed suc¬ 
cessive phases of the storm on the 25th and 26th of October, the 
first at 9 and the second at 3 p.m. on the 25th, the third at 
3 A.H and the fourth at 9 a m. on the 26th, These were intended 
to show simultaneous or synchronous direction and force of wind 
over a certam area witbm a few mmutrs of tim^ any noteworthy 
difference of longitude having been allowed for Smaller diagrams, in 
like manner, showed simultaneous direction and force of wmd from 
the 22nd of October^to the 2nd of November. In both cases the 
direction was indicated with reference to the true mendian, and the 
force aocordmg to estimation only, which, however, was diecked by 
many comparisons with velocities and pressure instrumentally ob- 
tamed at the observatonea of Greenwich, Cambndge, Oxford, 
Wrattedqrj Liverpool, and at other well-known estabhahments. The 
SMne obarts also showed carves of barometno pressure and curves of 
temperature These diagrams or charts were compiled by Mr* Ba- 
Ungtem, assisted hi copying by Messrs. Psttnekson, Simmonda, 
and Symons; but notwithstandlog the large amount of materials 
already made nse of hi their compilation, the author observed tiiat 
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none of them, nor indeed any port of the work, could yet be con¬ 
sidered as nearly complete, and that much matter would still be 
added as, from time to time, information might be obtained from^ 
various sources. 

The storm of the 26th of October was first noticed in accurate 
records, and measured by instrumental observations, in the Bay of 
Biscay, near Capo Fimsterre in Spain This particular tempest did 
not come from the west, but from the sonth-BOuth-west, true 
Successive barometne effects of the storm were traced by similar 
means in that direction from S S W to N N E across England, from 
the Channel through Cornwall, across the central southern counties 
and Lincolnshire, over the North Sea to between the Shetiand Isles 
and Norway 

By referring to these charts and the diagrams, it will be seen that 
the lowest barometer and a corresponding or simultaneous lull pre¬ 
vailed over ten, fifteen, or twenty miles consecutively in the direc¬ 
tion pointed out. But at the time that this comparative lull existed 
there was around this centre, by some called a vortex (but it can hardly 
be appropriately so termed, because there was no central disturbance), 
only variable wind or calm for a short time m the middle of the space, 
whidi was about ten or fifteen miles in irregular area 
The wind obtamed a varying veloaty of from 60 to 100 miks an 
hour at a distance of from twenty to about fifty miles from this space, 
and m unequal eddyings crossed Ei^land towards the north-north¬ 
east, the wind blowing from all points of the compass around the 
lull. When at Anglesea the storm came from the north-north-east, 
in the Straits of Dover it was from the south-west, on the east coast 
it was easterly, m the Irish Channel it was northerly, and on the 
coast of Ireland it was from the north-west 
The charts dbow that this drculation or cyclonic commotion was 
passing northwards fW>m the 25tb to the 27th, being two complete 
days fttim the time of its first great strength in the ** Chops of the 
Channel,” while outside of this circulation the wind became less and 
less vidmt; and it is very remarkable that even so near as on the 
west coast of Irdand there was fine weather with light winds^ wh^ 
in the Bntish Channel it blew a funous northerly and westerly gale 
At Galway and at Limenck on that occasion there were light 
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winds only^ whiles as already stated^ over England, the wind was 
passing in a tempest, blowing fh>m all points of the compass around 
a central lull. 

The next storm that occurred was similar in its features, though 
It came from a rather different direction 

It raged on the 1st and 2nd of November, and its character was in 
all respects like that just described, now usually called the “ Charter 
Storm 

Goiping more from the westward, it passed across the north of 
Ireland, the Isle of Man, north of England, and then across the 
North Sea towards Denmark Further than that distance facts have 
not yet been gathered, but in the coarse of time they will be obtained 
and collated 

The general effect of these storms was felt unequally in our islands, 
and much less inland than on the coasts 

Lord Wrottesley has shown by observations made at his obser¬ 
vatory m Staffordshire, that the wuid is diminished or checked by 
Its passage over land, and, looking to the mountain ranges of Wales 
and Scotland, rising 2000, 3000, or 4000 feet above the level of the 
ocean, we see they must have great power to alter the direction and 
probably the velocity of wind, independently of alterations caused 
by changes of temperature The very remarkable similanties of this 
storm of the Ist and 2nd of November, that of the 25th and 26th of 
October, the series of storms investigated by Dr, Lloyd during ten 
years, and the observations of Mr William Stevenson m Berwick¬ 
shire, require spemal notice on this occasion. There is no discre¬ 
pancy between the results of the ten years' investigations pubhshed 
by Dr. Lloyd in the ^ansactions of the Insh Academy, the three 
years* inquiry published by Mr William Stevenson, and all the 
investigatiouB which have been brought together during the last four 
years. They all tell the same story Dr Lloyd only found in ten 
years one instance of even a partial storm which differed, namely, 
one that came from the north in ihtfirH tnutanee 
Storms fVom the south-west are followed by sudden and dangerous 
storms from the nordi or east, and th^ are the storms that do 
most damage on our coasts. Upon tracing the ftets, it is prafved 
tliat the storms which come iVom the west and south oome on gra- 
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dually, but that storms from the north or east h^iu suddenly, and 
at tunes with extraordinary force* 

The barometer, with these north-eastern storms, does not give so 
much warning upon this coast, because «it ranges higher than with 
tlie wind from the opposite quarter But though the barometer docs 
not give much indication of a north-eastern gale, the thermometer 
does, and the now well-known average temperature of every week in 
the year affords the caution The temperature bemg much above or 
below the mean for the time of year shows whether the wind will be 
northerly or southerly—thanks to Mr Glaisher's discussion of the 
Greenwich observations for temperature 

To revert to a few of the signs which preceded the ^‘Charter Gale ** 
For a few days before that storm came on, the thermometer was ex¬ 
ceedingly low over all the country, there were north winds in some 
places, and a good deal of snow, though there had been a great deal 
of exceedingly dry and hot weather previously These anomalies 
require consideration, and it may be mentioned that everywhere lu 
these islands, for days before tliat time, from the 22nd to the 25t}] of 
October, barometers were very low Many days preceding the Char¬ 
ter storm, an extraordinary clearness in the atmosphere was noticed 
m the north of Ireland, the mountains of Scotland were never seen 
so prominently as they were in the few days preceding those oil 
which the great storm took place Every one is aware that last sum¬ 
mer was remarkable for its warmth It was exceedingly dry and 
hot All over the world, not only in the Arctic, but m the Antarctic 
regions, in Australia, South America, in the West Indies, Bermudas, 
and elsewhere, auroras and meteors were unusually prevalent, and they 
were more remarkable m their features and appearances than had 
been noticed for many years There was also an extraorduiaiy dis¬ 
turbance of currents along telegraph wires They were so disturbed 
at times, that it was evident there were great electric or magnetic 
storms in the atmosphere, though they could be traced to no appa¬ 
rent cause 

Ptobably these electric disturbances were connected with a pecuUar 
aetioa of riie snn upon our atmosphere. Submarine wires* as well as 
electrical wires above ground, were unusually disturbed, and these 
disturbaneei were followed within two or three days by great com¬ 
motions in the atmosphere, or by some remarkable change. 
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The quesbon of areas of barometno pressure—or hues (which Espy 
contends for)j uamclv, long lines from north to south, or from one 
point direct to another, haring been much discussed, the principal 
object of maJciug the sections, as it were soundings, of the atmo¬ 
sphere which are shown in the diagrams, was to prove whether lines of 
pressure, or whether areas of pressure prevailed, and m the author’s 
opinion, when they are closely examined they go to prove that while 
4die atmosphere m tlie British Islands vanes in its pressure from time 
^ to lime* such venation is not along a particular hue, but extended 
ovei^a large and wide area 

As remarkable exceptions to the force of these particular storms, 
it may be noted that at some places there was little or no wind, 
although the barometer fell much, without any consequence but ram 
The wind circulating around these districts did not affect them, while 
at other places the storm was tremendous 
The following few details are given respecting the data on which 
the diagrams have been oonstrueted — 


The ^peehMe hmtte of error of the barometrxe curvee on the eynophe 
charte^ 2Ui October to 2nd November^ 1859 

1 Oheermtume quite correct. —The observations at the regular 
observatones, such as Greenwich, Oxford, Cambndge, Wrottesley, 
Highfield House, Kew, &c, have bad all corrections applied, and 
have been reduced to sea-level, and the temperature of 32^ Fahr¬ 
enheit. 

8 . Error probably very email, lees certainly than haff a tenth .— 
The returns from meinbers of the British and Scottish Meteorological 
Society (nearly ninety in number) have been corrected for height 
above sea-levd, witbm a few feet, and the corrections of instru¬ 
mental errors with reductions to 32° have been applied. 

ObeervaUane probeAly within a few hundredths of an tncA.—The 
oontuiental observations, oolleeted from Dutch piqiers and from the 
“ Moniteur,'* have been reduced to 32°, and have dso been oorreoted 
fbr instrumental errors. 

4 

Th« haghta of lome itatuMU tie kuomi, rad tb. oomotioM do. 
to thoM height! hire bora appUedt iHule othm are hot ]ittle> if at 
dl, above the lea-level. 



567 


Any error m laying down curves from these data can scarcely have 
exceeded two or three hundredths of an inch 

3 Ohnervattons leu accurate —The heights of the stations of 
some observers are not known so nearly. Other correctionB have 
been applied only m a few cases,—the observations Boroetimes recorded 
only to the nearest tenth, as at a few lighthouses, not being deemed 
sufficiently rehable. 

Returns m which the barometneal observations are evidently erro¬ 
neous (from companson with other neighbounug and conteqpora<^^ 
neous observations) have been rejected 

On the whole it may be safely assumed that the observations from 
which the curves are laid down arc less than a tenth in error 

4 lAghthoueee —The heights of the lantern above the sea-level, 
and of the tower, being known, the heights of the barometers have 
been ascertained, and corrections for the heights have been apphed 


Companeone of Wind Scales 


Sea 

Wind 

Land 

0 to 3 

Light 

0 to 1 

3 to 5 

Moderate 

1 to 2 

5 to 7 

Fresh 

2 tod 

7 to 8 

Strong 

3 to 4 

8 to 10 

Heavy 

4 to 5 

10 to 12 

Violent 

5 to 6 

Wind 

Nt) 

Velocity 

Pressure lbs (avoirdupois) 

(land scale) 

Miles (hourly). 

1 

1 

10 

,0 

2 

32 

10 

3 

45 

21 

4 

6.5 

26 

5 

72 

32 

6 

80 


These compansous of scales have been used in the wind chorti, 
and hare been found conrenient as well as sufficiently accurate. 
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XV ” Contnbations to the History of the Fhosphoms Bases " 
Parts I., II. and III ByA.W Hosmann, LL D., F.R 8. 
&c. BciSeived June 21, 1860. 

This paper contains the first three sections of the full and q^ste* 
matic ^position of the author’s Researches on the Fhosphorns 
Bases, of whifeh bnef notices have from time to time been commnm- 
evtcj^ by hun to the Society, and pmted in the * Proceedings ’ The 
|»re0^ commumqation comprehends 

I Defiortment of Tricthylphosphine with Sulphur com¬ 
pounds Nitro-phosphuretted Ureas 

II Theory of Diatomic Bases Diphosphonium Senes 

III Theory of Diatomic Bases Phosphammomum—and 

Phospharsomum Senes 


Communications recbived since the end of the Session 


I "On Bone Bthide^^ By Eowabo Fkanklano, PhD, 
f.BS, and B. Duff a, Esq Communicated by Dr 
Frankland Received July 7, 1860e 

When zmcethyl m excess is brought into contact with tnbasic 

boiacicether, ( ), the temperature of the mixture gra- 

\ lC,H,Ot/ 

dually rises for about half an hour If it be now submitted to 
distillation, it begins'to boil at 94° C, and between this temperature 
and 140° a considerable quantity of a colourless liquid distils over 
Hie distillation then suddenly stops, the thermometer rises ra|udly, 
and, to avoid secondary products of decomposition, the operation 
riiould npw be mterrupted. The materials remaimng m the retort 
sohdify, on ooolmg, into a massbf large crystals, which are a com- 
poun^of ethylate of ime with zmeethyL On rectification, the distil¬ 
late began to boil at 70^6 but the thermometer rapidly rose to 95°, at 
wfafash temperatnre the last two-liurds of the liquid passed over and 
were received apart. The pitidu9f thus collected eiclubited a con* 
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stant boiling-point on redistiUation Submitted to analyma, it yielded 

reaiilta agreeing with the formula 


rc*H. 

Ic.H, 


This body, for which wc propose the name bone etkxde^ 10 pro* 
duced by the following reaction ^ 

tt rC^Hg PH*) ^ 

Lc,h,o, Lc,h. ““J 


Boracic ether 


Zmeethyl 


Bone ethide Bthylate of zme 


The ethylate of zinc thus formed combines with zinccthyl to, form 
the crystalline compound above alluded to 

Boric etludc possesses the following properties —It is a colourless 
mobile liquid of a pungent odour, its vapour is very irritating to the 
mucous membrane, and provokes a copious How of tears The spe¬ 
cific gravity of bone ethide at 23^ C is 60G1 , it boils at 95° C , 
and the results of several determinations of its vapour-density give 
the number 3*4005 The calculated \ apour-dcnsity of bone ethide, 
volumetncally composed hke terchlonde of boron, is 3*3824 

Bone ethide is insoluble m water, and is very slowly decomposed 
by prolonged contact with It. Iodine has scarcely any action upon 
it, even at 100° C. It floats upon concentrated nitric acid for several 
minutes without change, but suddenly a violent oxidation takes place, 
and crystals of boracic acid separate* When bone ethide vapour 
comes m contact with the air it produces slight bluish-white fiithes, 
which have a high temperature* The liquid is spontaneously in¬ 
flammable m air, burning with a beautiful gfeen imd somewhat fuli¬ 
ginous flame In contact with pure oxygen it explodes Placed m 
a flask and allowed to oxidize gradually, first in dry oir and finally in 
dry oxygen, it forms a colourless hquid, which boils at a higher tem¬ 
perature than bone ethide, but cannot be distilled under atn^phenc 
pressure without partial deoompositton In a stream of diy sSarbonio 
acid this product of oxidation evaporates without residue. By dialiV^ 
lation %n vacuo it is obtained pure, and it then exhibits a composition 
exprenod hf the formula 


B 
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The product of the oudutiou of bone ethide u therefore the di* 
tihyhte of a body which maybe conveniently named bor%c dtoxyeihtd^f 

1 ^ O The formation of diethylate of bone dioxyethide from 

bone eUude may be thua represented 


rejr, rc,H, 

Done ethide Diethylate of boric dioxyoiliide 


This compound dissolves instantly in water, and is resolved into 
alcohol and a volatile white ciystalhne body, uffatch may be sublimed 
without change, at a gentle heat, m a stream of carbonic acid, and 
then condenses in magnificent crystanme plates like naphthaline 
The analytical results yielded by this body agree closely with the 
formula 


i 


rc«H. 

HO, 

LHO, 


It is therefore obviously produced by the substitution of two atoms 
of hydrogen for two of ethyl m distillate of bone dioxyethide 


■{i 


^'4 HI 

C,H.0.+2g}0,» 
C4H,0, “J 


•B 


rc.n, 

< do,+2 

Ino. 


C*H, 




Distbylate of bone 
fhoxyethide 


Dibydrats of bone Alcohol 


ibydrats or w 
diox)e(mde 


fithydraie qf bone ^oofyeiktde possesses an agreeable etherial 
odour and a most Intensely sweet taste. Exposed to the air it 
evaporates slowly at ordinary temperatures, undergoing at the same 
time partial decomposition, and invariably leaving a slight residue of 
bonunc aqd. Its vapour tastes intensely sweet It reddens htaius 
papsTf elBipugh in other respects its and qualities are very obscure. 
It liM^volable in water, aleofad, and ether. Exposed to a gentle 
Auet, and at a higher temperature hoib with partial deeom« 


We are at pieaei|t eqgeged wSjt the fiirU»r atady qi f l h eiy h otKea, 
and with the eorresponding ei tfaoethyl upon riheu^ ear- 

bonic, ailSoiaJie ethers. 






IL On Fenuat^s Theorems of the Polygonal Numb^s/' First 
CcHnniunication* By The Bight Hon. Sir F^sdebick 
Pollock, F B.S, Lord Chief^Baron. Beceived July 11, 
1860. ^ 

s^Abstract) 

This paper relates to the second theoremi irk. that which asserts 
that every number is composed of 4 square numbers (0 [or aero] 
being considered as an even squam) If every odd number be com* 
posed of 4 square numbers, then every even number must also be 
composed of 4 square numbers, tbr every even number must, on a 
continued division by 2, ultimately become an odd number The 
paper relates chiedy to the Table which accompanies it, from which 
It appears that a remarltible law obtains as to the division of odd 
numbers (2tt+l) mto 4 square numbers—when a number of the 
form 4tt+l IS divisible into 2 square numbers, which (as da-f 1 is 
an odd number) must be one of them odd, the other even. Before 
explaming the Table, it is proper to state that if an odd number be 
divisible into 4 square numbers, three of them must be odd, and one 
of them even, or one of them must be odd, and 3 of them even, other¬ 
wise their sum cannot be an odd number, it follows from this that if 
the difference between any two of them be au odd number, the differ¬ 
ence between the other two mult be an even number, and eiee versd , 
for let a* + +<f*=2a-f 1, then if a*—i®=2p, c*—if* must equal 

2 q +\9 if possible let c*—eF=s2r^ then <F=2p+2r, 

add 2d“+2rf* (an even number) to each, and + will be 

an even number, wbmh by the hypothesis it is not, if, therefore, 
«*—5* be on even number, cannot also be an even number, 

and therefore must be an odd one. Jf, therefore, the four roots of 
the squares into which any odd nnml^r may be divided are arranged 
mnny order there will be three differences, the two extenor differences 
sriU be oapod^ the other even, the middle difference may be either 
odd or even. 

The is ipvanged thus*—the lowest row of figures is the 
series 1,^, &c. (dn^f 1); the next row above is the senes 

of natund numbers, 0, 1, 2, 3, 4, &o. (a), &o., the next row is 
li St 7, 9, &c {2n+iy the odd numbers; each of the odd 
numbers k the'Vnit term hi a senes increasing upwards by the num- 
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beri 2, 4, 6, 8, 10^ &c., forming an arithmetic senes of the second 
order (the first and second differences bemg respeotivelj 2 each)» 
when the rihmbe# in the lowest row cannot be divided into 2 squares, 
the anthmetic serfes is not formed, and the squares are marked with 
an asterisk, but when the number 4n+1 is divisible into 2 square 
numbers, the roots of these squares constitute the two cxtenor dif¬ 
ferences of the roots into rriiich the odd number may be divided, and 
also of the roots into which each term of the senes increasing upward 
may be ^vided, the middle difference of the roots will be the smaller 
half of the sum of the 2 roots of the square numbers into which 
4n+1 may be divided, with a negative sign, and will increase by 1 in 
each successive term of the upward series 

For example, in the Table take the number 29 in the lowest row, 
7x4+1=29, 7 is the number above it, and 7x2+1 = 15 the odd 
number, which is the first term of the senes 15, 17, 21, 27, 35, &e. 
Now 29 IS composed of 2 square numbers, 4 and 25, whose roots 
are 2 and 5, 2+5=7, the smaller half is 3, and 2, —3, 5 will be 
the differences of the roots of the squares into which 15 may be 
divided, and whose sum will equal 1, thus 

2, -3, 5 
-1, 1. -2,3, 

the roots when squared and added together equal 15, and the other 
terms of the senes follow in like manner, obeymg the law indicated, 
thus 

5, -2, 2 

3, 2, 0, 2 when squared and added = 17 

2 , - 1,6 

—2, 0, — 1, 4 when squared and added « =21 

6 , 0 , 2 ' 

—4, 1, 1, 3 whmi squared and added =27 
2, 1,5 

-.3, —1, 0, 5 whose squares . . , =35 

The proof of all this depends on a property of numbers mentioned 
m the Philosophical Transactions for 1854, vol cxliv. p, 317* 

If any number be composed of two triangular numbers, it will also 
equal a square and a double triangular number. If 

*- 

it will be of the fonn end wj be aaeuiied eqnd to 
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+ For 2 nomben be both odd or both even, they may 

always be represented by a+^ and a—if one be end the 
other cven^ they may always be represented by a+^+l and a— 
or by a+d and 1 $ and if the two numbers be made the bases 

of trigonal numberst the sum of the two tngonal numbers will 
always be of the form o*+a+ 6 “, or o'*-!-now when any 
number m the natural senes of numbers is eomposcd of two trian¬ 
gular numbers, it may be represented by and 1 will 

then equal 1 +4ii^j—obviously the sum of an odd and an 

even square, whose roots arc 2h and 2 a 4 -1, and 2 »-|' 1, the corre¬ 
sponding odd number, will equal 2 a +1 +26%—obviously com¬ 
posed of 4 square numbers, whose roots arc 6 ^ 6 , a, a +1, and if they 
be arranged thus, 

26, —f«+ 6 ) 2 tf+l 

—6, 6, —o, 0+1, 

so that the sum of their roots may equal 1 , the exterior differences 
of the roots will be 26 and 2 a + 1 , the roots of the two squares into 
which 4fi+ 1 IS divisible, and the middle difference will be -( 0 - 1 * 6 ), 
the smaller half of the sum of the roots (26+2o+1) with a nega¬ 
tive sign, if the exterior differences be reversed and the middle dif¬ 
ference be increased by 1 , the differences will be 2 o+l, —(a + 6 — 1 ), 
26, and the roots whose sum will equal 1 will be, with their differ¬ 
ences above them, 

2o + I, -( 0 + 6 - 1 ), 26 
^(o+l), o-( 6 -l), 6 +l, 

and the sum of the aquams of the roots will be 2 more, from these 
two sets of roots aU the rest may be obtamed, by adding one to each 
of two roots and subtracting 1 from each of the other two rowla, the 
extenor differences of the roots will therefore always be the same, 
and the noddle difference will increase by 1 at each step; the sum 
of the squares of the roots will increase by 
2, 4, 6 , 8 , &o 

As the sum of any two square numbers of which one is odd and the 
other even (4flp“+4o+I+46“) must be of the form 4«+l, every 
possible case of an odd square combmed with an even square must 
occur somewhere m the senes 

1, 9> 13, &c», 

and the Table (if extended) must contain every possible case of odd 
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and even numbers as eitenor differences, combmed with every pos¬ 
sible and avadable middle difference, ibr negahve differences may be 
vqected, inasmuch as, if the roots be put according to their algebraic 
value, aU the difibrences must be evm, thus the roots and differences 
of 15 above were 

2, ^3, 5 

- 1 , U - 2 , 3 , 

if the roots be placed according to their algebraic value, they would 
be —2, —1, 1, 3, and with the differences above 

1 , 2,2 

-2, -1, 1,3. 

15 will therefore be found in the column above 5, and m the fourth 
place. The Table (extended indefinitely) would therefore contain 
every possible odd number the sum of whose roots may equal 1. 

It 18 possible that this connexion between the roots of the squares 
mto which 4n+1 may bo divided, with the extenor differences of 
the roots of the four square nambers into which 2»+l may be 
divided, formed part of the mystenous properties of numbers to 
which Fermat dluded when he announced the theorems of the poly¬ 
gonal numbers 


IIL " On Cyanide of Ethylene and Succinic Aad.”—Prehmi- 
nary Notice. By Maxwell Simpson, Ph.D. Communi¬ 
cated by Dr Fuankland, F B.S. BeceivedAuguat 1,1860. 

Suocmic acid bears the same relation to the diatomic alcohol 
(glycol) that propionic acid bears to ordmaty alcohol. Propionic 
can be obtained by treating the cyanide of the alcohol i^cal 
with potash. Can suocinio amd be obtained by treatoig the cyanide 
of the glycol radical with the same reagent, or is it an isomenc add 
that is formed under these aicomstanoesf 

C*H„ C3r+0,{§+2H0-0,|\®*°*+NH,. 

Cysmde of ethyl. Propioaate of potash. 

C*H4 2Cy+2(0. {h)+4H0-04 {5^®*°«''+2NH.. 
Cysalde of ethylene. SneebMtaofpotadi? 
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The following experimentB were performed with the view of deter* 
mining this point — 

Preparation qf Cyamde of Ethylene^-^hA a prehminory step to 
the formation of succinic odd m this way, it became of conrse neoea- 
sary to prepare the cyanide of ethylene. This body 1 obtained by 
submitting bromide of ethylene to the action of cyanide of potassium. 

The process was thus conducted.— A. mixture of two equivalents 
of the cyanide and one of the bromide was introduced into a large 
balloon, together with a considerable quantity of alcohol, sp gr 840, 
and exposed to the temperature of a water-bath, a Liebig's condenser 
having been previously attached to the balloon in such a manner as 
to prevent the alcohol from distilling off the reacting ingredients. 
As soon as all the cyanide of potassium had been converted into bro¬ 
mide, the alcohol was separated and distilled A semifluid residue 
was thus obtained, which was Altered at the temperature of 100*^ 
Cent On treating the Altrate with a saturated solution of chloride of 
edeium, a reddish oil rose to the surface, which was well washed with 
ether, and exposed for some tunc to the temperature of 140*^, in 
order to remove any bromide of ethylene that might have escaped 
the solvent action of the ether This body proved, on analysis, to 
bo cyanide of ethylene It was not, however, quite pure There are 
difficulties attending its complete purification which 1 hare not yet 
overcome. 

At the temperature of the air, cyamde of ethylene is a semisohd 
crystallme mass of a brownish colour It melts under 50^ Cent It 
is very soluble m water and alcohol, and sparingly sduble in ether. 
It cannot be distilled Nevertheless it bears a tolerably high tem¬ 
perature without suffenng much decomposition Heated with on 
alcoholic solution of potash, it gives off ammonia Treated with 
mtnc acid, it forms a body which crystallixes from alcohol in long 
needles This and some other reactions 1 am at present engaged m 
studying. 

Preparation of Sueeinie Aeid —Bromide of ethylene and cyanide 
of potassiam were made to react upon each other m the same maunef 
as in the preparation of the cyanide of ethylene. As soon as the re- 
aotum was complete, the alcohol was separated from the bromide of 
potaauum, some sticks of canstio potash were added to it, and the 
whole heated for several days by means of a water-bath Torrents of 

VOL. z. 2 b 
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smmoniawere given off on applymg the heat As soon as the evolution 
of this gaa had ceased, the alcohol was distilled off and the residue 
treated with a considerable excess of hydrochloric acid This was 
then heated gently as long as acid vapours continued to be evolved, 
digested with absolute alcohol, and iiUered, and then the filtrate nas 
evaporated to dryness. The diy mass thus obtained was treated several 
times with alcohol in a similar manner. The result of these repeated 
digestions was then dissolved in witcr, and a few drops of a solution of 
nitrate of silver were added to it, which occasioned a slight precipitate 
of chloride of silver. This was separated by filtration, and the filtrate 
was exactly neutralised with ammonia On adding excess of nitrate of 
rilver to this, an abundant white precipitate was obtained, very soluble 
in mtnc aad and ammonia This gave, on analysis, numbers agree¬ 
ing very well with the composition of succinate of silver. The acid 
itself possessed also all the properties of succinic acid It subhmed 
on the application of heat, was soluble in water, alcohol, and other, 
and gave, when neutralized, a reddish-brown precipitate with per- 
cUondo of iron Moreover, on digesting this precipitate with am¬ 
monia, an acid could be detected in the filtered bquor, which gave 
white precipitates with nitrate of silver, and with a nurture of chlo- 
nde of barium and alcohol 

Succmic acid can then be obtained from glycol in tlie same manner 
as propionic acid from ordinary alcohol, the bromide of ethylene, 
the point from which I started, being capable of denvation from the 
diatomic alcohol 

I propose extending this investigation to some other hydrocarbons 
of the senes Gn En, with the view of ascertaining whether or not the 
homdogoes of succifiio acid can be obtained from these bodies by a 
imnOar process. 

IV. Results of Researches on the Electnc Function of the 
Torpedo.” By Professor Carlo MATTStJCci of Pjsa. In 
a Letter to Dr. Bharpct, Sec R S. Received August 8, 
1860. 

(Extract.) 

** It has hitherto been bdieved that the action of the electric organ 
of the Torpedo was momentaiy only;—that it brooraef charged 
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under the influence of nervous action and discharged immediately 
that action ceases, somewhat like soft iron under the influence of an 
electnc current Such, however, is not the real state of the cose. 
The electric organ is always charged It may be conclusively shown 
by experiment that the action of that organ never ceases, and that 
round the body of a Torjiedo, and probably of every other electric 
flsh, there is a continual circuhitiou of electricity in the liquid me¬ 
dium m which the animal is immersed In fact, when the electric 
oi^an, or even a fragment of it, is removed from the liviug fish and 
placed between the ends of a galvanometer, the needle remains de¬ 
flected at a constant angle for twenty or thirty hours, or even longer 
“ I must here explain that in electro-physiological experiments it 
IB highly advantageous to employ, as extremities of the galvanometer, 
plates of amalgamated zme immersed m a neutral saturated solution 
of sulphate of zmc. This arrangement, which can bo worked with 
the greatest facility, gn es a perfectly homogeneous arcuit, leaving 
the needle at zero xn an instrument of 24,000 coils, the liquid m 
contact with the animal part experimented on has the greatest pos¬ 
sible oonductibility while it does not act chemically on the tissue, 
and the apparatus is entirely free from secondary polanty 

*^To return to the Torpedo The electnc organ, or a portion of 
it, detached from the fish and kept at the temperature of freezmg, 
preserves its electromotive properties for four, six, or even eight 
days, and an organ which has been kept for twenty-four hours m a 
vessel surrounded with a frigonfiomixture of tee and salt, u found to 
possess an electromotive power as great as that of the organ recently 
detached from the livmg fish. Thus the electnc organ retams its 
functional activity long after both muscular and nervous excitabiiity 
have been extinguished 

What then is the action of the nerves on this apparatus ? Here 
agam experiment affords a very distinct and conclusive answer. De¬ 
tach the organ of a live torpedo and cut it into two equal portions, m 
such a way as to leave each half in connexion with one of the large 
nervooB trunks, place the two halves on a plate of gutta percba» 
with electnc couples opposed, that is, with the similar surfaces (say 
the dorsd) in contact; and connect the two free (ventral) surf^s 
with the extiemitieB of the gabranocacter. , l%ere will usually be no 
deflection of the needle, or, at most, a very shght effbet which will 

2r2 
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soon disapfi^ Now^ after having opened the circuit of the galva¬ 
nometer, irritate the nerve of one of the segments, hj pinching, by 
the interrupted electric current, or in any other way, or pnek the 
piece itself with a needle The portion of organ thus stimulated 
will give several discharges m succession, and a rheoscopic frog’s limb 
with its nerve applied to the part will each time be thrown into vio¬ 
lent convulsions If, after this, the galvanometer be applied as be¬ 
fore, there will be a very strong deflection in a direction answermg to 
the segment stimulated This deviation endures for a short time, 
but gradually becomes less, so that in a few minutes the effect of the 
two segments is equal Stimulation now of the other segment will 
in like maimer render its electricity predominant These alterna¬ 
tions may be repeated several times, hot naturally the effect becomes 
less and less marked 

** Thus the electromotive apparatus becomes charged and acts in¬ 
dependently of the influence of the nerves, but that influence renews 
and renders persistent the activity of the apparatus We know, 
moreover, that the discharge, which is only a state of temporary in¬ 
creased activity of the organ, is brought on by an act of the will in 
the live animal, or by the excitation of the nerves of the organ 

” I shall not enter now into further details respecting iny recent 
experiments on the Torpedo, but I venture to think that we have 
really made a step towards cleanng up the tbeorv of the animal elec¬ 
tromotive apparatus* The organ of the Torpedo does not, under the 
influence of the nerves, act as an induction apparatus, the operation 
seems more analogous to that of a 'secondary pile,’ created, through 
the influence of the nerves, m each constituent cell of the organ 

"The case is very different in muscular action, the changes occur* 
ring in which are better understood now that we know the pheno¬ 
mena of muscular respiration* I do not here refer to the variation 
of the mnscnlar current which takes place at the moment of con¬ 
traction. In that case it would appear from expenment, as I lately 
showed, that there are indicationB of a current m an opposite direc¬ 
tion , but the conditions of the ammal structure in action are so 
complex that no inference can be drawn *as to the mtimate nature of 
the phenomenon. Xt is otherwise, however, in oompanng mnsdes 
which have bceb left^t rest with muscles which have been btigoed 
by repeated contraction Bring still engaged in the investigaton of 



579 


tbu matter^ I diall content myself now with mentioning one result of 
my inquiry* which 1 consider as well established, the result, in fact* 
of performing on muscles the same kind of experiment as the one 
above described on the organ of the Torpedo The expenment is as 
follows:—Having selected a senes of muscles, entire or divided, 
which have been proved (by my method of opposed muscular piles) 
to be equal in electromotive power, subject a certain number of them 
to repeated stimulation, and tlien, by means of the method of opposed 
couples, compare the muscles which have been exercised with tliose 
which have been left at rest, and it will be found that the latter 
will manifest a much greater degree of electromotive power than 
the former The nervous excitation, which causes muscular con¬ 
traction, dcvelopes heat, generates mechanical force and consumes 
chemical affinity, and as the electromotive apparatus of muscle 
operates through means of that affinity, it must get weakened, like a 
pile m which the acid has become weaker In tlie Torpedo, on the 
other hand, there is neither heat nor mechanical force produced, and 
the electromotive apparatus is set up again, as it were, through the 
influence of the nerves, after the manner of a secondary pile 


V ‘^Natural History of the Purple of the Ancients/' By 
M Lacaze Duthibrs, Professor of Zoology m the Faculty 
of Sciences of Lille. Communicated by Professor Huxley 
Received March 22, I860* 

The purple dye so esteemed by the ancients has by turns excited 
the curiosity of naturalists and of historians The number of 
memoirs upon the subject is considerable, and they are to be found 
m almost all tongues However, m all these works, remarkable m 
many respects, and which cannot be analysed in this short notice, 
three deficumcies are to be noted regarding matters of very great 
moment m the histoiy of this substance 
What are, let* Ae produdng organs? 2ndly, the nature? flrdly, 
Hhe natural pnmitive colour of the dye^ It is difficult to give any 
answer to these three questions by means of the facts contained m 
existing memoirs. It is for the purpose of replying to them that 1 
* Tnindatioa received August 22,1860 
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bare undertaken the mvcBtigation, whose chief results 1 have the 
honour now to lay before the scientific world 
The two genera Murex and Purpura have yielded the species 
observed. In very distant localities, as at Mahon in Minorca, Murex 
hrandarut, M truneulue^ and Purpura hamaBtoma have fumi^ed 
results which observations conducted at Boulogne on Purpura /a* 
pilluBy at Pomic (Yeudde) on the same species and Murex ertnaeeuB^ 
and at La Rochelle and L’llc de Rh^, have confirnied At MarsciUes, 
Murex hrandane has yielded altogether similar results, and this 
concordance of all the observations permits me to offer them with 
much confidence 

Wliat 18 the organ which produces the dye ^ 

The analogy which some chemists imagine they have found 
between the colour of alloxan or of murexide and the purple of the 
Mollusca, has led them to misconceive the nature of the organ which 
produces the colouring matter. It is indubitable that unc aad 
treated with nitnc acid gives a beautiful reddish purple colour when 
the residue is exposed to ammoniacal vapour, and this reaction 
furnishes a means of detecting the renal organ m mollusks. But 
from this circumstance no one could be justified in coucluding that 
the purple dye was either the secretion of the kiduey or t{ie result of 
a modification of the unne 

Careful dissection of the purpunferous mollusca proves that the 
purple dye is secreted by a very limited portion of the mantle, which 
can m no way be confounded with the true renal organ, as which 
the organ of Bojanus is now generally regarded, the position and 
the Btmctare of the purpunferous organ are bdeed totally different 
from those of the kidney 

Small in extent, this part occupies very nearly the space bounded 
by the branchise and the rectum, beyond whose extremitieB it 
hardly extends antenorly, while postenorly it, at most, reaches the 
organ of Bojanus It forms neither a sac nor a reservoir, as it has 
been stated to do, and these phrases, as well as *purpuniiurouB veb,* 
should be rqected, because the organ is simply extended over the 
surface. * ^ 

Large dongated cells, placed perpendicularly side by nde on th^ 
surfime of the pallud cavity in the direction M its greatest diameter, 
compose its tissue They form about two or three layers, the most 
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extenor of which^ covered with vibratile ciba, presents tlie most 
developed cells Below lies a very nch capillary network;^ which 
distnbutes the blood coming from the organ of Dojanus and the 
neighbouring parts of the mantle to the braucluee The cells, when 
they have reached matunty, fall into the palhal cavitj, become 
endosmotically distended, burst, and mingle their contents with the 
other mucus which already existed there This independent and 
isolated shedding of the histological elements constitutes the secre 
tion of the dye-stuff, winch, it is obvious, is not produced by a com¬ 
pound gland, or indeed by any gland m the proper sense of the 
word, but by a glandular portion of the palhal surface. It is the 
granular but soluble matter contained in these cells which possesses 
singular propeities, and constitutes the dye-stuff 

The peculiar layer whose position has just been indicated is not 
special, anatomically speaking, to the two genera Murex and Pur¬ 
pura , and this is important if, in looking at the matter morpholo¬ 
gically, a siuular part of the surface of the mantle of most gaste- 
ropods appears to produce a substance of like histological character, 
but different in its properties. In the Aplysies and the Snails it is 
naturally^ coloured, whilst m Turbo littoralu and Trochus etnereus 
it is colourless, and undergoes no modification by the action of the 
solar rays. 

Thus, then, it is incorrect to say, with some chemists, that, ana¬ 
tomically speaking, the purple dye-stuff is yielded by the kidneys of 
Mollu9ca. 

Anatomical mvestigatiou has led to the recognition m the genera 
Murex and Purpura of a peculiar anal gland placed along8i4e the 
rectum, and opeuing by a terminal pore close to the anus. This 
gland, which does not seem to have been desenbed hitherto, is in 
structure and the arborescent disposition of its secretoiy ceeca, a 
well-defined gland, and by this very ciivumstance it is impossible to 
confound it with the purpunferous organ. 

Pro^erhee Purple Bye-etuff ^—^A very carious fact, known 
from all antiquity, since the very existence of the dye depends upon 
it, is the transformation of the dye-stuff by the action of the solar 
rays. In the Uvu^ animal this substaDce is at first colourless, or 
more or less yellowish, exposed to the light of the sun, in a moist 
itoie It acquires a^mre violet hue, in a word, it is photogenic* 



582 


The solar action causes the three simple colours to be developed 
successivdy, and in the following order, yellow, blue, and red 
Between these, the compound colours green and violet which result 
from their mixture, are obtained with the greatest distinctness if the 
acdon is slow But whilst tlie yellow disappears by prolonged 
action, a considerable amount of blue always remains; whence m 
nature the final red is never pure, so that the dye always inclines 
more or less to violet 

These properties have been placed beyond doubt by the possibihty 
of making photographs on silk and cambnc, which exhibit a remark¬ 
able dehcacy in detail, combined with great strength of tone 

In a photograph obtained in this way, die different tints through 
which the dye-stuff passes before becoming violet are more or less to 
be seen, but the deep violet predominates, and represents the black 
of orilmary photographs 

The changes m the colour of the purple dye-stuff are accompanied 
by the production of a very penetrating fcetid odour, similar to that 
of essence of garhc The evolution of this odour is as charac¬ 
teristic of the solar action as the changes of colour, a consideration 
of much importance when we desire to solve the problem to which 
I now tum^^ What was the prtmitwe colour of the purple stuffs of 
antiquity 7 

At first Bight this question seems to be easily answered, but 
when one seeks for a precise signification of the word ** purple,*’ one 
soon becomes embarrassed If we ask a pamter, without telling him 
why,—Be so good as to point the shade which you would give to 
a purple drapery in a hiatoneal paintiug—each painter to whom 
the request is made i^ll give a different colour. Thu is the case 
because no one has an exact idea of the primitive colour, which haa 
been gradually modified, and which has now become the red, almost 
scarlet, which many painters understand by the word purple. It 
is only by the interpretation of the phrases of the aneients, and com¬ 
paring them with direct observations, that one arrives at a solution 
of the difficulty, which would appear to be of great use to art. 

It IS enough to remark that the purple .colour exists only beoauae 
it has been developed by the aim, in justification of the oonchision 
that the ancients must have been acquamted with tbs peculianty, 
as also with that of the development of the ohanetenstic fietid 
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odour. Plmy, moreover^ speaks of bothi and hence it cannot be 
doubted that the purple was produced formerly exactly as at present, 
imless we admit that the ammals and their dye-stuff hare changed, 
which would be an altogether gratuitous hypothesis The conclusion 
to which we are driven then is this the colour was produced formerly 
as at present, under the same conditions and with the same characters, 
so that it ought to have been similar to that which we now obtain. 

In simple and natural experiments the violet has never failed to 
appear, while pure red has always been absent One is led to con¬ 
clude, therefore, that the natural and unmodified purple of the 
ancients was violet, as it is now, for whoever discovered it must 
have made the experiment, os it has been so often repeated, on the 
sea-shore, by breaking a purpunferous mollusk, and crushing its 
mantle on moist linen which is exposed to the sun 

Plmy cites Comehus Nepos, who states positively that at first 
the violet purple was esteemed, and the passages of Plato and of 
Anstotle, which relate to the colour, lead to the same conclusion 
However, it cannot be doubted that though the colour of purple 
stuffs was primitively violet, the requirements of taste and of fashiou 
led to the vanatiou of its shades. Thus some stuffs were dyed 
twice, to give them a richer and more vivid colour—the so-called 
‘ purpurea dibapha * The mixture of species also contributed to 
modify the hues 

Murex fru»c«/«s gives an almost blue shade. The fishermen of 
Port Mahon told me that it always yielded that colour, and especially 
that it would give a fixed and permanent colour On the contrary, 
Purpura hamaatoma (which they call *cor de fel’) was known to 
them os staming their linen very permanently and ineffaceahly 

It ought also to be recollected that when mineral colours replaced 
the animal matter of moUusks, the hue varied, and though the term 
* purple’ might be retamed, it was easy to pass by degrees to the 
deep red which rises in the mind when we recollect tlie purple worn 
by cardinab. 

Perhaps also the manipubtions to which the molluscan dye-stuff 
may have been subjected by the dyers, and of whose nature we know 
noting, approximated the purple to the red, which Phny compares 
to that of coagulated blood. 

But it remains none the less demonstrated, botli by the passages 
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from ftncient authors and by experiment, that the pnmtUte mid 
natural colour of the purple wae formerly^ ae now, motet 

Hence it would appear to be requisite for a painter to consider 
the epoch when the personages who are represented clothed m purple 
drapery lived, for the hue varied with the age. The properties of 
the purple dye-stuff also render intelligible one ground of the esteem 
in which the colour was held, for, developed by the infliience of 
light, it could not fade, like the red of cochineal for example, but 
must always have remained beautiful, even in the luminous and 
dazzling atmosphere of Italy and the East. 

It would be difficult, witli the scanty matenals we possess, to 
determine exactly the species employed by the ancients Without 
doubt Pliny has indicated the two genera Murex and Purpura of the 
modems by the names Purpura and Bucrinum It is probable that 
Murex truncutue and hrandarxe, and Purpura hemaetoma, were 
employed by the dyers, but it would be difficult to identify the dif¬ 
ferent species indicated by Pliny. Zoological investigations, accom¬ 
panied by expenments which are all simply and easily made, would 
perhaps lead to results more definite than can be obtained by the in¬ 
terpretation of passages, if one could carry them out on the shores of 
countries formerly famous for their purple-^hose of Tyre for example. 


Fig. 1 Fig 2 



Fig 1 AmmsI with Ptopiirs lepUhu, with the pallia] cavity laid ppen 

1 Genital oriace. 8 Anal gland. 5 Branchiae. 

2 Anus. 4 Parpnrogeiiio organ 6 Organ of Bojaniu. 

Fig 2 The animal aimplr removed from iUahdl. 

1 Branehue. 2 Pnrporogenio or^n 3 Anal gland 
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VJ Contnbutions towards the History of Azobenzol and Ben¬ 
zidine/^ By P W IIoPMANi^^ Ph.D, Communicated by 
Dr. Hozmann Received July 24, 1860 

Among the numerous compounds into which benzol, when sub¬ 
mitted to reagents, is converted, agohenzol and its derivatives have as 
yet received but limited attention Although more than twenty- 
five years have elapsed since this uiterestmg body was discov^cd 
by Mitscberholi, both its formation and its constitution remain still 
doubtful. 

Mitscherhch*, who discovered azobenzol m 18’ll, when submitting 
nitrobeuzol to the action of an alcoholic solution of potassa, repre¬ 
sented this compound by the formula 

C,ll,Nt. 

but left the reaction which gives nse to the formation of azobenzol 
unexplained. In 1845 this body was reprepared by Hofmann and 
Muspratt^, who observed among the collateral products of the reac¬ 
tion mtltne and oxahe aetd They represent the formation of 
azobenzol by the equation 

2 C, H. NO 3 +C, 11, 0»C„ H, N+C. H, N+C, H, 0. 

V, , ^ ’-,-' 

Nitrobeuzol Alcohol Azobenzol Fhenylamino Oxalic acid 

adding at the same time that they are far from considering this 
equation as more than the representation of one phase of the trans¬ 
formation of nitrobenzol, since several other rather indefinite com¬ 
pounds or products are formed simultaneously. 

At about the same penod Zinin made the interesting observation 
that azobenzol is capable of fixing hydrogen and of bemg thereby 
converted into a well-defined base, benzidine, which he represented 
by the formula 

C.H,N. 

ConsideriDg the physical characters both of azobenzol and of ben¬ 
zidine, especially the high boding-points of these lubstaneesi, and the 
ratio of hydrogen and nitrogen in the latter compound, the sum of 

• Pogg. Ann x«U p 224 
t H-iUO«16,C«l2,&e 
t Men. of the Chen Soc veL lU. p. 113 
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the number of equivalente of theae two elements not being divisible 
by 2, many chemists were inclined to double the formulse of both 
bodies, and to represent them by the following expressions — 
Azobenzol 

Benzidine C, ^ Ng 

This new received the first experimental confirmation m the forma¬ 
tion of the nitro-denvatives of azobenzol, which were examined in 
1649 by Gerhardt and Laurent The formation of 

Nitrozobenzol (Ilg NO,) N,, of 

Dmitrozobenzol . C,a TI^ N* C,^ [H^ (NOg)J 

and of several derivatives of these bodies, having established the 
Cj^-formula of azobenzol, but little doubt could lie entertained re¬ 
garding the formula of bcuzidino, which is as readily obtamed from 
azobenzol by reducing agents, as it may be reconverted into azobenzol 
by nitric acid* 

The molecular value of benzidine being thus almost exclusively 
fixed by the determination of the formula of the compound from 
which it originates, it was of some interest to obtom additional experi¬ 
mental evidence for the molecular weight of azobenzol 

With this view I have determined the vapour-density of azoben¬ 
zol. This body boihng at a rather high temperature, I have availed 
myself of the method of displacement lately proposed by Professor 
Hofmann. Experiment proved the density of the azobenzol-vapour 
to be 94 referred to hydrogen as unity, or 6 50 referred to air. The 
theoretical vapour-density of azobenzol, assuming that one molecule 
of this compound furnishes, like the rest of well-examined sub- 

162 

stances, 2 vols. of vapourf, is »9l referred to hydrogen, and 
6 32 referred to air. 

The determioation of the Tapour-densitjr, then, plainij oonflmu the 
higher molecular weights proposed for asohensol and for benzidme. 

When determuing the vapour-densitj of asohensol, I had oocanon 
to observe that, probably in consequence of a typpgr^hioal oror, 
the boiling-point of this compound a misstated m all the manuals 
which I could consult, and even in the ongmel memdre of Mit- 
leherlioh himself The boiling-point is stated to be 193” C., whilst 
it u in reahty 298” C. 

* Noble, Jonrasl of the Chem. See. vol. vi0 293. f H|0»2 vds. 
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fiensidinet when expresicd by the formula 

^19 

presents itself as a well-defined diamd diamine The molecular con¬ 
struction of the diatomic base remained to be decided 

I have endeavoured to solve this problem by the prooess of 
ethylation, as yet the simplest and the best guide in determming 
questions of this kind Benzidine in the presence of alcohol is 
rapidly attacked by iodide of ethyl After two hours’ digestion at 
100° C m scaled tubes, the reaction is complete The solution on 
evaporation yields a ciystalline iodide, 

from which ammonia separates a solid crystalline base very similar 
to benzidine This compound, which fuses at 05° C , and resolidi¬ 
fies at 60° C , is diethylheneidine * 

C„H^N,=C„U„(C,H.),N.. 

which forms well-erystallizable salts with the acids, and yields witii 
dichlonde of platinum a difficultly soluble crystalliuc platinum-salt 
contBWUDg 

When diethylbenzidiue is treated again with iodide of ethyl, the 
phenomena previously observed repeat themselves The iodide 

IS formed, which when decomposed by ammonia yields MrtthyU 
betmdine C«,H^N.-C„D.(C,n.),N, 

Tetrethylbeimdine resembles the diethylatcd and the non-ethylatcd 
base It fuses at 85° C, resolidifying at 80° C«, produces with the 
acids crystalline compounds, and fumislies with dichlonde of plati¬ 
num a platiuum-salt of the formula 

C,,H„N,Cl,.2PtCl, 

The farther action of iodide of eth^l upon tctrethylbenzidme is 
extremely slow After 12 hours’ digestion at 100° C only a very 
minute quantity of the base had been transformed mto an iodide 
Iodide of methyl, on the other hand, acts with great energy An 
hour’s digestion is sufficient to produce the final diammomum-com- 
pound 
The iodide 

C„ N. I.-C„ H. (C, H.). (CH.). N.I. 

M roiy difioultlf wlnble in abiolute doohol, but dnwlrei mth 
fwihty in boiling water, from which it la deponted on coi^ng, in 



long beautiinl needles The solution of this iodide is no longer pre- 
apxUted by ammonia, but yields with oxide of silver a powerfully 
alkaline solution, exhibiting all the characters of the completely sub¬ 
stituted ammonium- and diammomum-bases discovered by Professor 
HofWiann The solution of this dimethyl-tctrethylated base, which 
contains 


C„H„N,0, 




S:}”- 


is not fhrther acted upon by either iodide of ethyl or methyl 
With acids It forms a series of salts which are remarkable for the 
beauty with which they crystallise The platinum-salt is almost in¬ 
soluble in water, but soluble with diiBculty in concentrated boiling 
hydrochloric acid, crystallizing from this solution on cooling in 
beautiful needles This salt contains 


C,,H,,N,Cl3,2PtCl, 

The above experiments appear to establish the molecular construction 
of benzidine in a satisfactory manner This base is obviously a 
primary diamine, in which the molecular group whatever its 

nature may be, functions as a diatomic radical A glance at the 
subjoined Table exhibits the construction of benzidine and of the 
several compounds which I have described. 


Dtamines 




Benzidine 

H, 


H. J 

Diethylated ben¬ 
zidine 

m 

Tetrethylated 


benzidine 

IW 

loAdtM qf Dtammonxunu* 


N,. 

N, 


Pnmary . [(C,.H,)" H. 

Secondary C(C,.H,)" H. (C.H.).NJ»% 
Tertiary . [(C„H,)« H. 

Quartaiy . 


The expenmenta deaenbed m thia note were performed m Pro* 
ftaeor Hofmaan’a laboratory. 



VII. On Bromphenylamine and Chlorphenylamine By E. 
T. Mills Communicated by Dr. Hophann Received 
July 24, 1860, 


Nitrophenylamine, when prepared from dimtrobenaol (i e by the 
indirect method), differs in so many respects from the isomeric base 
which IS obtained from phenyheompounds (i, e by tiic direct method), 
that chemists have distinguished these two bodies as alplia- and 
beta-nitrophenylamine*—Rromphenylamine and chlorphenylamine 
hare hitherto been produced only by the action of potash u]>on 
bromisatin and chorisatin, the indirect method, by which they were 
ongmally obtained by Dr Hofmann, it appeared therefore of some 
interest to ascertain whether the bodies generated directly from 


* The s1])ha*niirophciiylamiao (mtraailino) was formed about nxteen years ago 
by Dr Muspratt and myself (Cbem Soc Mem toI in p 112), by the action of 
reducing agents on dinitrobenzol The beta-nitranilinc was discovered by Arppe 
(Chem Soc vol viii p 175), who obtained thia compound when distilling pyro- 
tartromtrophenylamide with potash The two bases resemble each other in a 
remarkable manner, but there are differences in their physical and chemical 
chiraciers which leave no doubt as to the fact of their having different constitu¬ 
tions 1 may here remark that I have repeated Arppe's experiments, the results 
of which 1 can confirm in every particular Since the phenyl-compound from 
which Arppe obtained his substance is accessible only with difficulty, I have 
endeavoured to nitronate a more easily procurable phenyl compound Acetyl- 
phenylamide may be used for this purpose with considerable advantage. A solution 
of the compound in cold fuming mine amd yields, on the addition of water, a 
orystolhne difficultly soluble precipitate, which is easily obtained pure by recrystal* 
Utttion This substance contams 


CsHsNaO*- 


H 



and yields, when heated with potassa, the beta-mtrophenylamine of Arppe with 
all its properties. I may here recall a former observation, which has now become 
perfectly inteUigible. When studying the action of nitnc add upon melaniliae, 
1 found (Chem. Soc. Mem t i 305) that the dinltromelanihne, which is thus 
formed, essentially diflkrs from the dinitromolaniUne obtained by aubmittiug 
nltrophenylaiiiine (alpha-) to the action of chloride of cyanogen. The two nitro- 
baaes, which are both expressed by the formula 

Ci.H„N. 04 «C„[Hu(N 0 ,),]N,. 

stand to each other in the same relation which obtains between atpha-nitro- 
phenylamine and beta-nitro|dieiiy]aiDJne In fact, 1 have ainoe found that the 
disiiltafdon of the nitro-hase, obtained by treating dpha-nitrophenylamine with 
dblonde of cyanogen, fornishes alpha-nitropheuylamine; whilst beta-nitnphenyl- 
imine maybe detected amongst the producu of the distillation of tbedinltromel- 
oniline which uformed directly from melanilincby means of nitric add -*A. W H 



compounds of phenylamine would exhibit differences in their proper¬ 
ties Bunilar to those which distinguish alpha- and beta-nitrophenyU 
amtne. 

With the view of deciding this question experimentally, 1 haie 
submitted acetylphenylamide to the action of bromine and chlorine, 
in the hope of thus forming directly from phenylamine the bromi- 
nated and chlorinated compounds in question 


Action of Bromine on Acetylphenylamide 


A cold aqueous solution of acetylphenylamide, when agitated with 
bromine gradually added m small quantities until the yellow colour 
imparted to the liquid no longer disappears, furnishes a crystalluic 
compound difficultly soluble in cold, but easily recrystalluable from 
boiling water. The substance consists chiefly of monobrominatcd 
acetylphenylamide 

(C,H,BrN0«(C,H,0) In, 

H j 


which IS however invariably mixed with small quantities 
miuated acetylphenylamide 

(C,H,Br,NO 


UJIWI u- 


(C,H,Br,)] 

.(c,H,o) In. 


1 have not been able to find a method of separating these two 
bodies perfectly. 

The brommated compound is readily attacked by potash. On 
distUhng the mixture, the vapour of water carries over a volatile 
body which solidifies m the condenser into beautiful aoicular crystals, 
acetate of potassium romaming in the retort 
The solidified distillate was purified by recrystalhsatton from bod¬ 
ing water, and submitted to analysts. Both the combustion of the 
base itself and the platinum-determination of the beautiful golden- 
yellow platinum-salt proved this body to be bromphenylamtne 

(C.H,Br); 

C.H,BrN-> H 
H 


In it* appearance, odour, and taste, as bkewise in its deportment 
irith adds and with solrents generalljr, the brominated base ob* 
tamed from aoetylbromophenylamide reaemblee perfectly the btom- 
pbenylanune produced from bromisatm, a speounen of whidi I ob> 
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tamed from Dr Hofmann’s collection There le only one point m 
which a slight difference was observed Both compounds are 
capable of crystallizing cither in needles or in well-defined octahedra, 
the former being generally obtained from water^ and the latter from 
alcohol The bromphetiylamiue, obtained from the acetyl-compound, 
appears to be more inclined to crystallize m needles than m octa¬ 
hedra Circumstances liaic prevented me from entering into an 
examination of the products of decomposition of the two brom- 
phcnylammcs , and the question whether tliese two bodies are really 
identical, or similarly related as the two mtro-com pounds, must be 
decided by further cxpenmciits * 

Action of Chlorine on Acetylpkenylamide 
The phenomena observed in the action of chlorine on a cold 
saturated solution of the phenyl-compound are perfectly similar to 
those presented in the corresponding reaction with bromine A 
crystalline compound immediately separates from the solution, as 
soon as the crystals cease to augment, the current of chlonne is inter¬ 
rupted Washed with cold, and once recrystalhred from boiling 
water, the chlorinated body is found to be nearly perfectly pure 
muDochlonnated acetylphenylamido 

c,H,cn 

C,H,C1N0«C,H,0 In, 

H J 

which, when distilled with potash, furnishes abundance of chlor- 
pheiiylamine, resembhtig ai a marked manner the chlorphcnylamine 
obtained by the action of potash upon ohlonsatm. 


VIIL "New Compounds produced by the substitution of Ni¬ 
trogen for Hydrogen/' By F Griesb Communicated 
by Dr, Hofmann Received July 24, 1860. 

In several previous notes I have called attention to a peculiar 
double acid which is formed by tbe action of mirous acid upon amt- 
dobenzoic acid, 

Ch N, H N0.=C„ H,, N« 2H, Of. 

* These experiments have since been made by Mr P Gnaw, whose results are 
given HI tbe next abstmot —A W H 
f H«l, 0=13, C=I2, Ac 

VOL X ^ fl 
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the ooiutitution of which, as far aa my experiments go, may be re¬ 
presented by the formula 

[c,(h,n;)0][C,(h,,h,n)0]i 

There are not less than three other compounds known which em¬ 
pirically may be represented by the same formula as amidobeuzoic 
acid, T 12 nitrotol^Cdj salicylamide, and anthranihc acid« The two 
former substances differ from amidobenzoic acid both physically and 
chemically in a marked manner; anthrandic acid, on the other hand, 
18 so closely allied to the benzoic deriTativc, that special experiments 
were reqmred to dislingmsh these two bodies Gerland, when be 
submitted the two acids to Pina’s well-known reaction, obseircd that 
both are converted by mtrous acid into non-mtrogenated acids, which, 
although still isomenc, essentially differ in their properties, amido¬ 
benzoic amd being transformed into a new acid,—oxybenzoic acid, 
whilst anthramlic acid yields aahcyhc acid 

It appeared of some interest to try whether the substitution of m- 
trogen for hydrogen m anthramlic acid would furnish a compound 
isomenc with the double acid obtained from amidobenzoic acid A 
current of mtrous acid, when passed into a cold alcoholic solution of 
anthramlic acid, rapidly transforms this substance into a compound 
crystallizing m white prums, which is easily obtained by allowing 
the alcohol to evaporate at the common temperature The new body 
IS extremely sotuble in water, insoluble m ether. By analysis it was 
proTedtooonUin C„H.N.O,. 

The new compound u thus teen to be fkr from uomeric with the 
denvatiTc of amidobenzoic acid produced under nnulor ctroumatancee, 
with whicli, in fket, ohowi no analogy wbaterer. I hare not yet 
arrived at a definite view regarding the molecular conotruction of 
thu body , neverthelou ita deportment with water shows even now 
that the nitrogen in it euats m two different forms. Gently heated 
with water, the new compound disengages torrents of mtrogen, on 
cooling, the liqmd solidifies into a crystalline moss of salicylic omd, 
free nitric acid remaining in solution. Thu metamorphosis is repre¬ 
sented by the equation 

C„ H. N, O,+2 H, OsN,-l-HNO,+2C, H. 

^ . r ' ' * »■ — 'v—-* 

New body Sdleylie arid. 
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which has been controlled by quantitative ex penmen ts. The idea 
suggestH Itself to assume one-iifith of the nitrogen in the form of iiitno 
acid, when the new body might be viewed as a salt like compound of 
the formula 


c,h,n;o,i 

c;h;n:'o;} 


the action of the water consisting simply in the llreplacemeut of the 
monatomic nitrogen by the elements of water, vihich would produce 
salicylic acid, nitnc acid being lilieratc cl 

I a%ail myself of this opportunity of rneutioniug the deportment of 
several other isomenc bodus under the luilucuce of nitrous acid 
There ore two basic compounds, 

C«(n,NOJN, 

known, the one is the alpliaphen) lamina of Hofmann and Muspratt, 
the other the bctaplicnylaminc observed by Irppe When submitted 
to the action of nitrous acid, these two isomeric bodies yield two 
perfectly different nitrogen-substituted denvativcs The substance 
obtamed from alphaphenylamino (the base formed by the reduction 
of dinitrobeuzol) has been already mentioned in one of my previous 
notes, the body denved from betaphenylamine is still under exami¬ 
nation 

The action of mtrous acid jiroves that there are also two bromphe- 
nylamines similar to the two mtrophenylamines The original brom- 
phcnylamine discovered by Hofmann, and which is formed by the di¬ 
stillation of bromisatm with hydrated potash, yields with nitrous 
acid a compound, 

(CoH.Br),| 

CuH,Br,N3= [n,. 

H J 

crystallizing in beautiful golden-yellow needles, insoluble lu yrater, 
and difficultly soluble m alcohol and ether The bromphenylamine, 
on the other hand, which was lately prepared by Mills* from aoetyl- 
bromphenylamide, exhibits with nitrous amd a perfectly different 
deportment, being transformed mto a yellow scarcely crystalline com¬ 
pound^ easily soluble m alcohol and ether, but insoluble in water. I 
have not as yet analysed this compound, its formation, however, 


* See the preitouft abstract 
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and iU properties render it probable that it will be found to be iso¬ 
meric with the product of decomposition previously mentioned I am 
engaged in a more minute examination of this compound, which I 
hope may assist in explainmg the cause of the still euigmattcal iso¬ 
merism exhibited by the derivatives of phenylamine 

I have already repeatedly called attention to the different atomicity 
exhibited by nitrogen under different conditions In the derivatives 
of amidobenzoic and of antbrandic acids, it con be proved that 
i eqiiiv. of nitrogen replaces 1 equiv of hydrogen, while in the 
derivatives of phenylamine, the nitrogen is present with the value 
of three molecnles of hydrogen 

The experiments which I have described were performed in Dr, 
Hofmann’s laboratory 


IX Contributions towards the History of the Monammes/'— 
No. Ill Compound Ammonias by Inverse Substitution. 
By A W Hofmann, LL.D, F.E S , &c. Received July 
24, 1860. 

Many years ago 1 showed that the bromide or iodide of a quartary 
ammonium splits under the influence of heat into the bromide or 
iodide of an alcohol-radical on the one hand, and a tertiary monamine 
on the other 

Havmg latdy returned to the study of this class of substances, I 
was led to examine the deportment, under the influence of heat, of 
the tertiary, secondary, and, lastly, of the primary mmuunmonium- 
salts 

Experiment has shown that these substances undergo an ana¬ 
logous decomposition. The chloride of a tertiaiy monammonium 
when submitted to distillation yields, together with the chlonde of an 
alcohol-radical, a seoondaiy monamine, the chloride of a seoondaiy 
monammonium, together with an alcohol-chloride, a primary mona- 
mine, lastly, the chloride of a primary roonammomum, the chloride 
of an dcohol-radical and ammonia 

Exactly, then, as my former experiments show that we may rise m 
the scale by replacing the four equivalents of hydrogen in ammonium 
one by one by radicals, so it is obvious from these new experiments 
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that we may also stop by step descend, by substituting again hy¬ 
drogen for the radicalB in succession 
To take as an illustration the monammouium-salts of the othyi- 
sencs which as yet 1 hare chiefly examined 


Aaeenl 

H„N+ (C,H,)Br » 

'■V— '- ^ - 

Ainmoiua Bromide of ethyl 
(^.) (C.H,)Br » 

Ethylaiuiue 


- [(C.H,)a.NJHr 

,1 - 

Bromide of EthyUmmonlun) 

[(C^H.).H,NJBr 

-■- , -' 

Bromiilo of Diethylammoiimiu 


(C.H.),HN + 

^ Tr' ^ 

Dtetbylaiiune 
^C,H.X N + 

Tnethylamine 


(C,H,)Br = [(C,H.), H N]Br 

Bromide of Tncthylammonium 

(C,H.)Br = [(C.D.X N]Br 

-- 

Bromide of Tetrethylammonium 
Note—H=I, 0^12 


Denemi 


[(C’.H.X NJCl = (C,H.)C1 + 

- . ^ . y ' 

Chloride of Tetrethyiammonmm Chloride of Ethyl 

[(C. H.XH NJCl - (C,H.)C1 + 

Cblonde of TrietbylammiMuuD] 

[(C,H,XH.N]Cl - (C,H.)Cl + 

-V-' 

Chloride of Diethylammoniuni 

L(C,H.) H,N]C1 = (C.H.)n + 

Cblonde of Ethylammomum 


(C,H.X N 

Tnethylamine. 
(C.H.XH N 

y 

UwthylamiDe. 

( C.H.) H,N 

Ethylamine 

H,N 

Ammonia 


The aboTe reactions, interesting when regarded from a scientific 
point of Yiew, admit of but luiuted application in practice. The 
punty of the result is disturbed sereral circumstanoes, which 
it it difficult to exclude. Unless temperature be sufficiently 
high, a small portion of the ammonium-salt submitted to distillation 
sublimes without change; agaiUt a portion of the same salt is repro¬ 
duced in the neck of the retort and in the receiver*, flrom very 
constituents into which it ipUts, lastly, if the temperature be too 
high, the chloride of ethyl is i^t to be decomposed mto ethylene 

* This Inoottfsoisaea may he pertly obviated by dlitnUng into an add. 
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and hydrochloric acid, the latter producing, with the monamine 
liberated in the reaction, a salt which in its turn is likewise decom¬ 
posed 

Thus the chloride of dicthylammomum, for instance, together with 
chloride of ethyl and ethylamme, yields ethylene and chloride of 
ethylammonium which splits into chloride of ethyl and ammonia 

The idea naturally suggested itself, to attempt, by means of this 
reaction, the formation of the primary and secondary monophosphmes, 
which are at present unknown Experiments made with the view 
of transforming tnethylphosjihme into diethylphosphme have as yet 
remained unsuccessful, the chloride of tnethylphosphonium distilling 
without alteration 


X« Notes of Researches on the Polyammomas -No IX 
Remarks on anomaloia Vapour-densities By A W Hor- 
MANK, LL D j F R S Received July 24,1860. 

In a note addressed to the Royal Society* at the commencement 
of this year, 1 have shown that the molecules of the diamines, like 
those of all other well-cxammed compounds, correspond to two 
volumes of vapourf, and I have endeavoured to explain the apparent 
anomalous vapour-densities of the hydrated diamines by assuming 
that the vapour-volume experimentally obtained was a mixture of 
the vapour of the anhydrous base and of the vapour of water. 
Thus, hvdrated ethylene-diamme was assumed to split under the 
influence of heat into anhydrous ethylene-diamme (2 vob of vapour) 
and water (2 vols of vapour). 

C,H,„N,0- H. |N,+ g}OJ 

The Taponivdennty of efhylene«diuiime referred to hydrognt being 
30t and of water vapour 9« the vapour-dnisity of a nuxtnre of 

304-9 

aqnal volumes of ethylene-dumine and water*viqKnir v19 6 , 
whuh doaely agreea with the reeult of expemnent. 

In eontinuing the etudy of the diandne^ I have expended these 

* PnoMdia|«, vol. x< p tt4 
t H,0«9 veU t Hrs], Osl«, CaM. Ac 
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expenmentfl Without going into the detail of the inquiiy, 1 hag 
leave to record an observation which appears to furnish an experi¬ 
mental solution to the question 

Ethylene-dianunej when submitted to the action of iodide of ethyl, 
yields a senes of ethylated denvatives, amongst which the diethylated 
compound has claimed my particular attention This body in the 
anhydrous state is an oily liquid containmg 

CeH,N, In, 

H, J 

With water it forms a beautiful crystalline very stable hydrate of 
the composition 

The vapour density of the anhydrous base was found by experi¬ 
ment to be 57 61, showing that the molecule of diethyl-ethylene- 
diaminc corresponds to 2 vols of vapour, the theoretical density 

Iwng 

* • 

On submitting the crystalline hydrate to experiment, I arrived at 
the vapour-density 33 2 This number is in perfect accordance with 
the result obtained in the case of ethylenp-diamme The legitimate 
interpretation of this number is that here again the hydrated base 
splits into the anhydrous diamine and water, and that the density 
observed is that of a mixture of equal volumes of diamme-vapour 

and of water-vapour, the theoretical density of which is ■■33 

The correctness of this mterprctation admits of an elegant expen- 
mental demonstration 

Having observed that the hydrate loses its water when repeatedly 
distilled with a large excess of anhydrous baryta, the idea suggested 
itself, to attempt the decomposition of tlie hydrate m the state of 
oqpottr If the vapour obtained by heating this hydrate to a tem¬ 
perature 15*^ or 20° higher than its boiling-pomt actually consisted 
of a mixture of equal volumes of its two proximate constituents m a 
state of dmoetaiton (to use a happy term proposed by Deville), it 
appeared very probaUr that the volume would be hdved by the 

« ProoMdinft, vol x p. 104. 
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introdnctton of anhydrous baryta Experiment has verified this 
anticipation 


The upper half of a glass tube 
filled with, and inverted over, mer¬ 
cury, was surrounded by a second 
glass tube open at both ends and of 
a diameter about j^reble that of the 
former, the annular 8pa{*e between 
the two being closed at the bottom 
of the outer tube by a well-fitting 
cork The ^ essel thus formed round 
the upper part of the inner tube 
was moreover provided with a small 
bent copper tube open at the top 
and closed at the bottom, which 
was likewise fixed 111 the cork The 
vessel being filled with paraffin and a lamp being applied to the copper 
tube, the upper part of the mercury-tube could be conveniently 
kept at a high and constant temperature, whilst the lower end, 
immersed in the mercury-trough, remained accessible. A glance at 
the figure explains the disposition of the apparatus A small quan¬ 
tity of the hydrated base was then allowed to nse on the top of the 
mercury m the tube, and the paraffin bath having been heated 
170®, the volume of the vapour was observed Several jiellets 
anhydrous baryta were then allowed to ascend into the vapour- 
volume, while the temperature was maintained constant The mer¬ 
cury began immediately to rise, becoming stationary again, when a 
fraction of the vapour had disappeared, which amounted, the neces¬ 
sary corrections being made, to hidf the ongiual volume 



XI Notes of Researches on the roly-Ammontoa/^—No. X 
On Salphamidobcnsammc, a new base; and some Re¬ 
marks upon Ureas arid so-called Ureas. By A, W. Hof¬ 
mann^ LL.D, F«B*S. Received July 24, 1860 

Among the numerous compounds capable of the metamorphosis 
involved in Zinin*s beautifiil reaction, the nitnles have hitherto 


5 *s 
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escaped the attention of chemists This is the more remarkable, 
since some of these bodies are easilj conyertod into crystalline 
nitro-componnds. 

When examining several of the diamines which I have lately 
submitted to the Royal Society I was induced to study the trans* 
formation winch benzomtnle undergoes under^the sucoesaive influ¬ 
ence of nitric acid and reducing agents w- 

Bcnsonitnle, when treated with a mixture of sulphuric and fuming 
nitric acid, furnishes, as is well known, a solid nitro-substitute which 
crystallizes from alcohol in beautiful white needles, containing 
C,II,N,0,^C,(H„NO,)Nt 

In order to obtain this body, it is desirable to perform the opera¬ 
tion with small quantities, and to cool the liquid carefully, othervnse 
the formation of appreciable proportions of nitrobenzoic acid can 
scarcely he avoided 

The mtro-compound is readily attacked by an aqueous solution of 
sulphide of ammonium , sulphur is abiiudantly precipitated, and on 
evaporating the liquid, a yellowish red oil is separated, which 
gradually and imperfectly solidifies. This substance possesses the 
characters of a weak base, dissolving with facility in acids, end being 
again precipitated by the addition of ammonia and the alkalies The 
preparation in the state of punty, both of the base itself and of its 
compounds, presents some difficulty This nrcumstonce has pre¬ 
vented me from analysing the base 1 have, however, examined one 
of its products of decomposition, which leaves no doubt that nitro- 
bensonitrile, under the influence of reducing agents, undergoes the 
well-known transformation of mtro-compounds, and that the com¬ 
position of the oily base is represented by the formula 
C,H,N,=C,H,(NH,)N 

The oily base, when left in contact with sulphide of ammonium, 
18 gradually changed, a crystalline compound being formed, which is 
easily soluble m alcohol and m ether, but difficultly soluble in water, 
and which may be punfied by several crystallizations fVom boiling 
water, being deposited on cooling m white bnlliant needles* This 
compound is a well-defined organic base, it dissolves with fluulify 
in acids, and is predpitated from these solutions by the addition 

e Procesrlings,vot x p.104 t H=lj 0=16, Cr;lZ,&e 
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of potassa or of ammonm. With hydrochloric acid it forma a cry- 
stalluable salty which yieldsy with dichlonde of platmuniy an orange- 
yellow crystalline precipitate 

On analystSy the new base was found to have the composition 
C.H,N,S. 

explaining its formation, in which evidently two phases have to be 
distinguished * 

(1) C,(H,N0JN+3n,S«2H,0+38+C,H„N5„ 

(2) C,H,N.+H,S=C,H,N,S 

The new sulphuretted base has the same composition as sulpho- 
carbonyl-phenyldiamide, a feebly basic compound which I obtained 
some time ago by the action of ammonia on sulphocyauide of 

phenyl*. C,H,NS+H,N=C,H,N,S 

A superficial companson of the properties of the two bodies shows, 
however, that they are only isomeric, the constitution of the latter 
compound being represented by the expression 



whilst the constitution of the former may be expressed by the 
formula 

H H, In, 

II j H, j 

The new sulphuretted base is closely connected with an interesting 
eoinpound which Chancel obtained some years ago, when he tubmitted 
nitrobensamide to the action of reducing agents. The crystalline 
hose produced in thyi reaction contains 

C,H.N.O. 

and differs Arom the body which forms the subject of this note only 
by hsTing oxygen in the place of sulphur 

The formation of this oxygenated eomponnd has given nse to oome 
misconceptions, which I take this opportnmty to elnmdate A short 
tipie before the disoovery of the body in question, I hod obtained a 
compound of exactly the same composition by the eotien of tiw 
vaponr of qyanie add upon anihne, 

C, H, N+C H N OasC, H, N,0. 

Tnie mode of pr^ndng this lubstaaee pointod it ont M eu an»> 
• ProoBfldfiiis, veL Is. p 270 
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logue nf urea, and hence the designation anihne-«feii, under which 
1 described the new body as the first of the group of comjKmnd ureas, 
which has since been so remarkably ennehed by Wurtz and several 
other chenu&ts 

Tlie aniline-urea, or phenyl-urea as it is more appropriately called, 
differs from ordinary urea in its deportment with acids, being, in 
fact, no longer cajiable of producing saline compounds The absence 
of basic properties in the new phenyl-compound was sufBoient to 
throw some doubt upon its ureic character, and this doubt appeared 
to receive additional support by Chancers subsequent discovery of a 
compound possessing not only the composition of phenyburea, but 
forming likewise well-defined saline combinations This compound 
is, however, the amide of amidobcnzoic acid, its constitution being 
interpreted by Chancel, in accordance with its formation 

C,H,0] 

Benzamide H V N 

H I 

C,(H,N0,)0] 

Nitrobcnzamide H v N 

H j 

C,(H.NHJO) 

Amidobenzamide 11 > N 

H j 

Nevertheless chemists, by silent but general consent, began to look 
upon this compound as the irue phenyl-urea, and in most manuals, 
even Gerhardt’s * Traitd do Chimie ’ not excepted, it figures under 
this appellation 

Let us see bow for this view is supported by the deportment of 
this substance. Compound ureas, as 1 conceive the character of this 
class, must imitate the deportment of urea par exeellenee, both in 
their mode of formation and their products of decomposition Urea 
is formed whenever cyanic acid or cyanates coma in contact with 
ammonia or ammoniaoal salts. These are precisely the conditions 
under which the substance which 1 have described as phenyl-urea is 
generated. This compound is obtained by the union of cyanic amd 
with phenylamine, or it ammonia with cyanate of phenyl 






H 


yya^sj) 


H, I 


On the other handy no cyanogen-compound u involved in the 
formation of amidobenzamidey or amidobenzaminej as it might be 
more appropriately calledy on account of its basic propertiesp 
Not less decisive is the evidence furnished by the products of 
decomposition of the two bodies The most characteristic trans¬ 
formation of urea IS its decomposition into ammonia and carbonic 
acid when it is submitted to the action of the alkalies A compound 
urea thus treated should yield, together with carbomc acid and 
ammonia, the monamine from which it has arisen Phenyl-urea 
should furnish carbomc acid, ammonia, and phenylammc. these are 
precisely the products observed m the decomposition of the com¬ 
pound which IS formed by the action of cyanic acid on phenylamine 


(COY] HI 


H 

(C0)"0+H 

H 


C.H. 

N+ H N 

H 


Amidobenzaminci ou the other hand, exhibits with potasas die 
deportment of an amidated amide. The reaction presents two di< 
stmet phases, ammonia and amidobenzoic acid being formed m the 
first phase, and ammonia and beusoic aoid m the second 


0.(H.H.N)OJo^HJo.|Wc,H.OJo 

No trace of carbonic acid and no trace of phenylamine are elimi* 
minated by potassa It is only by fusing with sodarlime that a 
perfect destruction of the compound ensues, when, as Chanocl has 
distmctly observed, m the first place ammonia, and ultimately car¬ 
bonic acid and phenylamme are evolved* 

What I have said respectuig phenyl-urea applies with equal force 
to diphenyl-urea. Oerhardt describes as diphenyl-urea the com¬ 
pound obtained by Laurent and Chaucel when they examined the 
acdon of reducing agents upon nitrobenzopbenonc^ and which, on 
account of its yellow colour, was onginally described as Jlavtne. 
Thu body oontsins 
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which is certatnlj the fonnula of diphenyl-urea But here agam 
chcmistH have been misled by the basic properties of the substance 
It IS not my object at present to dwell on the constitution of 
flavine, which 1 intend to examine in a subsequent note, suffice it to 
say that this substance is not diphenyl-urea 
The true diphenyl-urea is the substance commonly called carbarn* 
lidc, or carbopheuylamide 

(CO)'' 1 

>N, 

J 

Both the conditions under which this body forms, and the pro¬ 
ducts into which it IS decomposed, leave no doubt regarding its 
position in the system. 

This compound is formed by the action of cyanate of phenyl upon 
either water or phenylamine 

2 } n]+H } 0=(CO)"0+(®).|n.. 



When boiled with potassa, it sphts into carbonic aad and pbenyl- 
animc 

((SS.),|N,+g |o=(CO)"0+2j^^‘H* I nJ 

These are the characters of true diphenjhurea 


XII *‘BeseaTohcs on the Phoqrboms^Bases — No VIII. 
Oxide of Tnetbylphosphme. By A. W HoniANN, LLJ)., 
FIIS Beeeived July 24,1860. 

In our fbrmer experiments *, Cahours and myself had often 
obsmed this substance, but we did not succeed in obtaming it m a 
state of purity fit for analysis KemOieless, founding our ooncla> 
sion on the composition of the correspondmg sidphur-eompoand, 
and having regard to the aiiaicgies presented by the corresponding 

*• IMiU Tnnt 1867, p 676 
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terms of the arsenio- and autunonj-senes, we designated this body as 
the oxide of the phosphorus-base 

CeH.,PO»(C,H.XPO* 

1 have since confirmed this formula by actual aualysis 

The difficulties which m our former expenmcnts opposed the 
preparation of this compound in the pure state* arose entirely from 
the comparatively small quantity of material with which we had to 
work Nothing is easier than to obtain the oxide in a state of 
punty* provided the available quantity of material is sufficient for 
distillation In the course of a number of preparations of tncthyl- 
phosphine for new experiments* a considerable quantity of the 
oxide had accumulated in the residues left after distilling the zinc- 
chloride compound with potash On subjecting tliese residues to 
distillation m a copper retort* a considerable quantity of the oxide 
passed over with the aijueous vapours* and a further quantity was 
obtained* as a tolerably anhydrous but strongly coloured bquid* by 
dry distillation of the solid cake of salts which remained after aU the 
water had passed over. The watery distillate was evaporated on the 
water-bath as far as practicable* with or without addition of bydro- 
chlonc acid, and the concentrated solution was mixed with solid 
hydrate of potassium* which immediately separated the oxide m the 
form of an oily layer fioatuig on the surface of the potash The 
united products were then left in contact with solid potash for 
twenty-four hours and agam distilled The first portion of the 
distillate still contained traces of water and a thin superficiid layer 
of triethylpbosphme As soon as the distillate solidified* the 
receiver was charged, and the remaining portion—about nine-tenths 
—collected separately %s the pure product To prevent absorption 
of water, the quantity required for analysis was taken dunnfg the 
distillation. 

With reference to the properties of oxide of tnethylphosphine, I 
may add the following statements to the description formerly givenf* 
Thu substance crystallizes in beautiful needles* which* if an appreciable 
quantity of the fused compound be albwed to cool slowly* frequently 
acquire the kngth of several inches. 1 have been unable to obtain 
well-formed crystals. as yet I have not found a solvent from which 

• 0=16* C=12,&c t l*hil, Trans 1857* p 575. 
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tbu BubBtanoe could be crjBtaUizcd It is Boluble m all proportions, 
both in water and alcohol, and Beparates from theae Bolvents on 
evaporation in the hquid condition, Bohdifying only after every 
trace of water or alcohol is expelled Addition of ether to the 
alcoholic solution precipitates this body likewise as a liquid The 
fuBiQg-point of oxide of tnethylphosphine is 44°, the point of 
solidification at the same temperature. It boils at 240° (corr.) 

As no determination of the vapour-density of any member of the 
group of compounds to which oxide of tnethylphosphine belongs 
has yet been made, it appeared to me of some interest to perform 
this expenmcnt with the oxide m question. As the quantity of 
material at my disposal was scarcely sufficient for the dcterminaticii 
by Dumas’s method, and Gay-Lussac’s was inapplicable on account 
of the high boiling-point of tlie compound, I adopted a modifica¬ 
tion of the latter, consisting essentially m generating the vapour 
m the closed arm of a U-sliapcd tube immersed in a copper vessel 
cbntaimng heated paraffin, and calculating its volume from the 
weight oi the mercury driven out of the other arm Since 1 intend 
to publish a full description of this method, which promises to be 
very useful m certain cases, 1 shall here content myself with stating 
the results obtained in one of the experiments 

Substance . 0 150 grm 

Volume of vapour 49 i cub cent. 

Temperature (corrected) . 266*6 

Barometer at 0° •. 0 7670 metre. 

Additional mercury column at 0° 0 1056 „ 

These numbers prove the vapour-density of oxide of triethyl- 
phospbme to be 66*30, referred to hydrogen as unity, or 4 60 re¬ 
ferred to atmospheric air. Assuming that the molecule of oxide of 
tnethylphosphine corresponds to 2 volumes of vapour*, the apec. 
gray, of its vapouraKX}Aa.67, when referred to hydrogen, and 4 63 
when referred to air Hence we may conclude that m oxide of 
tnethylphosphine the elements are condensed m the same manner as 
m the majonty of thoroughly mvestigated organic compounds. 

From the fiicility with which tnethylphosphine is converted into 
the oxide by exposure to the air, even at ordinary temperatures, and 

* Hj0^2voU vajwur 
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the very high boiling-point of the resulting compoundy in consequence 
of which the vapour of ilie latter can exert but a very slight tension 
at the common temperature, 1 am induced to think that the phos¬ 
phorus-base may be used in many cases for the volumetric estimation 
of oxygen. 'When a paper ball soaked in triethylphosphiue is passed 
up m a portion of air confined over mercury, the mercury immedi¬ 
ately begins to rise, and contuiues to do so for about two liours, after 
which the volume becomes constant, the diminution corresponding 
very nearly to the proportion of oxygen in the air To obtain very 
exact results, however, it would be probably necessary in every case 
to remove the residual vapour of inethylphosphine by means of a 
ball saturated with sulphuric aad 

Oxide of inethylphosphine exhibits in general but a small tendency 
to unite with other bodies Nevertheless it forms crystalline com¬ 
pounds with iodide and bromide of zinc I have examined more 
particularly the lodiiie-compound 

Oxtde of Tnethylpho^phine and lodtde of Zinc »On mixing the 
solutions of the two bodies, the compound separates, either as a 
CTystalline precipitate or m oily drops which soon solidify with 
crystalline structure It is easily purified by recrystallization from 
alcohol, when it is deposited m often well-formed monoclimc crystals 

contaiung C, H.. PO, Znl« (C, H,), PO, Znl 

It IS remarkable that this compound formed m presence of a large 
excess of hydnodic and even of hydrochlonc acid 

OsBtde of Tnethylpho^htne and Ihchhrtde ofFlatxnum, —No pre¬ 
cipitate IS formed on mixing the aqueous solutions of the two com¬ 
pounds, however concentrated But on adding the anhydrous oxide 
to a concentrated solution of dichlonde of platinum in absolute 
alcohol, a ciystalhne platinum-compound » deposited after a few 
moments. This oompound m exceedingly soluble m water, easily 
soluble m alcohol, insduble m ether On adding ether to tlie 
alcoholic solution, the salt » precipitated, although with difficulty, 
m the crystalline state The aleohohc solution, when evaporating 
spimtaneourtyi yields beantiAil hexagonal plates of the monodinie 
system, frequently of very considerable* dimenmons. The crystals 
have ^e rather oom]^ fermuk 

€„H„P.O,Pt.Cl.-3[(C.H.XTOJ+(C,H,). PCl^ 2PtCl. 
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On mixing die concentrated solution of the oxide with triohlonde 
of gold, a deep yellow oil is separated, which crystallizes with diffi¬ 
culty after considerable standing. This compound is exceedingly 
soluble in water and in alcohol When the aqueous solution is 
heated, the gold is reduced, the transformation which the oxide of 
tnethylpbosphine undergoes m this reaction is not examined. 

Chlonde of tm forms likewise an oily compound with the oxide * 
I have not succeeded in crystallizing this compound. 

Chlonde of mercury is without any action on oxide of tnethyl- 
phosphme. 

Oxyehlonde €f Triethylphotphine —On passing a current of dry 
hydrochlonc acid through a layer of oxide of tnethylpbosphine 
which IS fused in a U-shaped tube surrounded by boiling water, 
brilliant crystals are soon deposited. These crystals disappear, how¬ 
ever, rapidly, the compound formed in the commencement of the 
reaction unitmg with an excess of hydrochloric acid. The viscous 
liquid which ultimately remains behind, when heated loses the excess 
of hydrochloric acid, leaving an exceedingly dehquescent crystalline 
mass, very soluble m alcohol, insoluble m ether 

For analysis, the new compound was washed with absolute ether 
and dried over sulphunc acid m vacuo, either at the common tem¬ 
perature or at 40°. Three chlonne-determinations in specimens of 
different preparations, which, owing to the extraordmary avidity of 
this compound for moisture, exhibit greater discrepancies than are 
generally observed m experiments of this description, lead to the 
formula C,, P. 0 C1,=(C, H.), PO, (C. H.). PCI,. 

The didilonde of tnethylpbosphine cannot be formed by the action 
of hydrochlonc amd upon the oxide. 

The oxychloride exhibits with other compounds the deportment 
of the oxide. It ftimishes with dichloride of platmom the same 
f JatmunHealt which is obtained with the oxide In a similar man¬ 
ner it i^ves with iodide of ^c the iodide of ztno-compound of the 
codde previously described. Only once—under conditions not sharply 
enough observed at the time, and which I was afterwards unable 
to reproduee in repeated expenments — a compound of the oxj- 
ifolor^ witii iodide of zinc was formed. This substance^ readily 
ioluble hi water and alcohol, crystallized from the letter solvent m 
besutffid oohmrless, traiuparent octahedra of the oomporition 
C„H,,P,OCl,ZnJ,«(C.H,), PO, (C.H.). PC!., SHSnl. 

VOL. W. 2 T 



608 


XIII. ^'Researcbea oBthePhoBphorus-Baftea’*—No IX. FhoB- 
phargomum CompoundB. By A. W. Hotmann^ LL.D j 
F B.S Received July 24j 1860 

The fiicihty with which the bromide of bromethyl-triethylphoB- 
phonmm famisheB^ when submitted to the action of ammonia and 
monammeB, the extensive and well-defined group of phosphammo- 
oittm«compounds, induced me to try whether similar diatomic bases 
contaimng phosphorus and arsenie might be formed by the mutual 
reaction between the bromcthylated bromide and monarBtnn There 
was no necessity for entering into a detailed examination of this class 
of compounds I havej m fact, been satisfied to establish by a few 
chan^tenstic numbers the existence of the phospharsonium-group. 


Jetton of Tnethylarnne on Bromide of BnmethyUtneihyl* 
phoephontum 

On digesting the two substances in sealed tubes at 100^, the usual 
phenomena are observed, the reaction beiug complete after the lapse 
of twenty-four hours The saline mass which is formed yields with 
joxide of silver in the eold^ a powerfully alkaline solution, containing 
the hydrated oxide of cthylene-hexethylphospharsonium, 

It IS thus obvious that the arsenic-hase imitates tnethylphosphine 
in its deportment with the brominated bromide The two substances 
sitnply combine to f 9 rmthe dibromide of the phosphsrsomum. 


The alkiJine lolution of the oxide of the phoephenoniun exbildti 
the leedii^ ohareeten of this olau of bases , 1 loay therefore ttfbr 
to the account which I have gives of the oxide of dipho^phonion. 
The ealiue conponnds Idcewue reaembk iboieof the dtphoqihonittBi. 
The dichloride and the di-iodtde were obtained in beautifiileiTStalliiM 
needle*, exhibUmg a marked tenden^ to form splendidly oyitdiMd 
double eompoundi I have prepared the oomponnde t/t the dmblo* 
nde with ohlon^ of tm, hromide of mub truhloride of goU, and 



609 


lastly with dichlonde of platinum. The latter compound was ana¬ 
lysed in order to fix the composition of the senes. 

—^The product of the reaction of tnethylarsme 
upon the bromethylated bromide was treated with oxide of silrer m 
the eold^ and the alkaline solution thus obtained, saturated with 
hydrochlonc acid and precipitated with dichlonde of platinum. An 
exceedingly pale-yellow, apparently amorphous precipitate of diphos- 
phonic appearance was thrown down, almost insoluble in water, but 
dissolving in boiling concentrated hydrochloric acid The hydro¬ 
chloric solution deposited, on cooling, beautiful orange-red crystals, 
resembhng those of the diphosphonium-platinum-salt Thctirystals, 
according to the measurement of Quintino Sella, belong to the tri- 
metric system The analysis of the platinum-salt led to the formula 

The phospharsonium-compounds, and more espedally the hydrated 
oxide of the senes, are far less stable than the corresponding terms 
of the diphosphomum- and even of the phosphammomum-series. If 
the product of the action of tnethylarsme upon the brommated bro¬ 
mide be bo/ded with oxide of stiver mstead of bemg treated m the 
cold, not a trace of the phospharsomum-compound is obtained. 
The caustic solul^on which is formed, when saturated with hydro¬ 
chloric acid and precipitated with dichlonde of platinum, funiishes 
only the rather soluble octahedral crystals of the oxethylated tnethyl- 
phosphonium-platinum-salt* The nature of this transformation is 
clearly exhibited when a solution of the dioxide of phospharsonium 
u submitted to ebullition Immediately the clear solution is rendered 
turbid from separated tnethylarsme, which becomes perceptible, 
moreover, by its powerful odour, the hqmd then coutainmg the 
oxide of the oxethylated tnethylphosphomum. 




*Aa]"l 

^ jO,«(C,H.),A.+ 


[(C.H,0)(C.H.).P3 

H 



* 8m th« Mlowiilt Abitnet 


8t2 
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XIV. ''B 4 MearcfaeaonthePhoaphomB«Ba 8 e 8 /^ No X.—Meta¬ 
morphoses of Bromide of Bromethylated Triethylphospho- 
mum. By A. W. Hofuakn, LL.D., FB.S. Received 
July 24,1860 

Among the several products of transformation mto which the bro¬ 
mide of bromeihyl-tnethylphosphonmm is converted when submitted 
to the action of reagents, the substances formed by its umon with 
bodies similar to ammonia, have hitherto almost exclusively occupied 
my attention. I have, however, of late examined a variety of other 
dumges of this body, which deserve to be noticed 

When heated, the bromide begins to evolve hydrobromio acid at a 
tempevature of about 200% which continues for a considerable length 
of time. The product of this reaction is evidently the bromide of 
▼inyl-tnethylphosphomum, 

[(C.H*Br)(C.H.). P] Br-HBr+[(C.H0 (C.H.), P] Br. 

It is, however, difficult to obtain the substance pure by this process, 
smoe the temperature at which the last portion of hydrobromic acid 
is ehmmated closely approximates the degree of heat at which the 
vinyl-body is entirely destroyed, and smee the latter compound may 
be obtained with the greatest fambty by other processes'^, I have 
not Mowed up any further this direction of the mquuy. 

I have already mentioned, m a previous note, the deportment of 

* Tbs bydrstsd dl^ndde cf ethylsiis4isxsthrl-dipboiphoiiiam,when tubmittsd 
to dittUlotlon, imdsrgosi dsoomp^tioa, two different pbasea sie to be dUtin- 
gaiihed in this metamorphoshi At about 200* tbe bate beglnt to disengage the 
vapour of tnethylidiospbliie, tbe residuary solution retsining hydrated oxide of 
vinyl-tfietbylpbospboniuni, 

((C.H.r(C,H.).g''Jo.-(C.H.).P+H.O+KC.H,)(C.H,).igj^ 

the latter yielding at a higher temperatare the oxide of triethylphosphineiogete 
wtthothyteae, 

[(C, H J (C» H,), P] J, o-C, H«4-(C, H,),pa 

the vhqd-oonpoasid is eaen more readi^ obtained by the action «f dlveiMsJti, 
sash as testate of silver, at the tamparatnie ot IW, on the brosMthylated 
bnooida. 
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the bromethylated bromide with oxide of niver, the whole of the 
bromine is ebmineted in the form of bromide of eilveri a new baie 
bdng formed. 

According to arcamstanoes, this base may be the Tinyl-compound 
prenonsly mentioned, or another body differing from the latter by 
contaimng the elements of one molecule of water m addition. This 
substance, which is always formed when the reaction takes place in 
moderately dilute solutions, is the oxide of a phosphomum, with tiireo 
molecules of ethyl substituted for three eqmralents of hydrogen, the 
fourth equivalent of hydrogen bemg replaced by an oxygenated ra£cal 
C,H^O, arising from the radical C 3 H 4 Br by the insertion of HO in 
the place of Br 

(C, H, Br) (C, H,), P] Br + 2^^ J 0 -2AgBr+ J O. 

1 have fixed the nature of this compound the analysis of the 
iodide, of the platinum-salt and of the gold-salt, and, moreover, by 
the study of several remarkable transformations which it undergoes 
when submitted to the action of reagents 

It appeared of some interest to aacertam whether the oxtthylated 
might be reconverted into the hrimethylaUd base The chlonde of 
the former is energetically attacked by pentabromide of phosphorus, 
oxybromide of phosphorus and hydrobromte acid are abundantly 
evolved, and the residue of the reaction contains the ehloride of 
bromethylated tnethylphospbonium. 

(C« H. 0) (C. Hg), P]Cl+PBr,«HBr-|-POBr,-|- [(C, Br) (C, H,). P]0. 
Thus it IS seen that the molecular group C, H, 0, which we assnme 
as hydrogen-replacing in this salt, suffers under the influence of 
pentabromide of phosphorus, alterations identical with those which 
it is known to undergo under similar mrcumstances, when conceived 
as a oonititaent of alcohol 

If we consider the faahty with which the bromethylated tricthyt 
phosphonium is converted into the oxethylated compound, by the 
action of oxide of silver, and the simple re-formation of the first- 
mentumed body by means of pentabromide of pbosphomi, a great 
variety of new experiments suggest themselves. As yet but htde 
progress has he«i made in this direction, one of the reaistions, how¬ 
ever, which I have stndied deserves even now to be mentioned. 

The salts of bromethykled and oxethyUted triethylphosphcmhim 
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may be regarded aa tetrethyl-pbosphomum<*saltflt» in which an equira* 
lent of hydrogen ui one of the ethyl-molecules is replaced by bromine 
and by the molecular group HO respectirely 

Bromide of tetrethylphoephonium [(C, H ) (C, H,), P] Br, 

[<O.H.HO)(C,HAP]Br. 

and the question arose, whether the bromethylated compound might 
not be oonTcited, simply by reductiou, into a salt of tetrethyl- 
phosphonium This transformation may, indeed, be effected with¬ 
out difficulty On acidulating the solution of the bromethylated 
bromide with sulphuric acid and digesting the mixture with granu¬ 
lated zinc, the latent bromine is eliminated as hydrobromic acid, its 
place being at the same time filled by 1 equiv. of hydrogen, 

[(C, H, Br) (C, U,X P]Br+2H=HBr-h [(C, U,), P]Br. 

It was chiefly the facihty with which a tetrethyl-phosphonium* 
compound may be obtained from the brommated bromide, that in¬ 
duced me to designate the hydrogen-replacmg molecules Br, 
and 0^ Hf O, which we meet with m the compounds above described, 
as brmetkyl and oxethyl It remained to be ascertained whether 
these compounds might actually formed by means of direct sub- 
•titution-products of ethyl-compounds It was with the view of 
deciding this question that I have exammed the deportment of tn- 
ethylphosphwe with the monochlormated chloride and the mouc- 
brominated bromide of ethyL 

The former of these substauces has been long known, having been 
investigated by Regnault many years ago, the latter had not been 
hitherto obtained. ^ 1 have prepared it by submitting bromide of 
ethyl to the action of dry bromine under pressure*. It is a beaevy 
aromatic hqnid boiling at 110^. 

The chlorinated chloride and the brommated bromide of ethyl, 
although essentially different m their physical properties from 
dieblonde and dibronude of ethylene, with which they are Momenc^ 
pever^eless resemble the ethylene-compounds in their dqporinient 
with tnethylphosphine* 

In both oases the final product of the reaction is a idt of hexetbyl- 

* In addiUon to thcmoiiobrominsted bromide of ethyl, (C^ H 4 Br) Br, U 
alto formed in thu reaction the dibrominated bromide, (C 4 H, br^) Br 
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ated ethylene-diphosphomum 1 have identified these salts with those 
obtained by means of dichlonde and dibromtde of ethylene, both by 
a careful examination of their physical properties, and by the analyaiB 
of the diaractenstic iodide and of the platmum*saU 1 have not 
been able to trace m the first of these reactions a salt of chlorethylated 
tnethylphosphomum, but I have estabhshcd by experiment that in 
the reaction between tnethylphosphme and brommated bromide of 
ethyl, the formation of bromethyUtnethylphosphonium invariably 
precedes the production of the diphosphonium-compound 


XV Besearches on the Phosphorus-Bases.’^—No XI Experi¬ 
ments in the Methyl- and in the Methylene-Senes. By 
A W Hovmann^ LL.D , P K.8 Beceived July 24, I860. 

In former notes 1 have repeatedly called attention to the trans¬ 
formation of the bromide of bromethylated tnethylphosphomum 
under the influence of bases In continuing the study of these reac¬ 
tions, I was led to the discovery of a very large number of new com¬ 
pounds, the more important ones of which are bnefly mentioned in 
this abstract 

Hybrids of Ethylene-diphobphonidm. 

Aeitan of Trtmethiflpho^htne upon Bromide of BromethyUtrxethpU 
pho9phon%%m* 

These two bodies act upon each other with the greatest energy^ 
and moreover exactly in the manner indicated by theory The 
resulting compound was of course examined only so far as was neces¬ 
sary to establish the character of the reaction 

The dibromide of the hybnd diphosphonium is more soluble than 
the hexethylated compound formerly described, which in other 
respects it resembles. Oxide of silver eliminates the extremely 
caustic base 

H./”- 

wUdi juildi mth hydrochloric amd and dichlonde of plabmim a 
pale-yellow platinoin-Mlt, 

C,. P. Pt. Cl,« [(C, "a 2Pt 

Mparatiag in walei from boiling water 
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The wltB of the h 3 rbrid diphoephoniwn cryetalfaie like thoee of the 
hexethylated diphoephonium. but^ao far as they here been examined^ 
are eomewhat more soluble. This remark apphes espeeudlj to the 
iodide 

It seemed worth while to trj whether the bromide of brom* 
ethylated tnethylphosphomum was capable of fixing a mdleoule of 
phospboretted hydrogen. It was found* howerer* that the two 
bodies do not act upon one another. Phospboretted hydrogen gas* 
passed through the alcoholic solution of the bromide* either cold or 
boihng, did not seem to affect it in any way. 

Action of Tnmethyl^hoojphvM oa Dibromdc of Ethylene. 

This reaction exhibits a repetition of all the phenomena observed 
m that which takes place between the dibromide and tnethyljdios- 
phine. The process is compleUd sooner* if possible* than in the 
ethylHienes. The lower boihng-pomt and the oveipowenng odour 
of tnmethylphosphuie render it advisable to mix the matenals with 
considerable quantities of alcohol or ether * and on account of the 
extreme oxtdabihty of the phoiphonis-compound, it is best to ope* 
rate in vessels filled with carbonic acid and subsequently sealed before 
the blowpipe. After digestion for a short time at 100°* the mature 
of the two hquids sohdifies to a hard* daszhng* white* ciystalline mass 
contammg the two bromides* 

C.H,.PBr. «[(C.H.Br)(CH^.P]Br, 

one or the other predominating according to the proportumi in whidi 
the two bodioa were allowed to act upon one another. 

It waa not difSoult to eitabhah thenatnre of theae twooompounda 
by nnmbera. 

The aolntion of the aahne maaa m abaolate alcohol, d^HMita, on 
eooliiig, beautdhl pnimatio eryaUda, connatmg of the bromide of 
bnMnetbyl'triaotbylphoqihonium almoat dumicaBy purc^ while the 
diphoaphomaa-bronu^ remaina b aolntion. nature of the 
iiionopboai>bottinBi<eompoand waa fixed a brombe detembation 
b the brcimide. and I 7 the analyau of a platimim-aalt beanttfhlly 
eryataUiaed in needlaa eontomog 



616 


C,H„BrPPtCl,=[(C,H,Br)(CH,),P]Cl, PtCl,, 

Treatment of this pktmum-aalt with sulphuretted hydrogen yielded 
an extrerndy soluble and deliquescent chloride, which was not ana¬ 
lysed, but submitted to the action of oxide of silver, when it furmafaed 
the oxide of the corresponding oxethylated compound 

c.H„PO.=K'=.“-°XOH.x,fllo. 

The caustic liquid was converted by hydrochloric acid into the 
easily soluble chloride corresponding to the oxide, and this chlonde, 
when treated with dichlonde of platinum, deposited the platinum- 
salt ci the oxethylated tnmethylphosphonium m well-formed octa- 
hadra extremely soluble in water, eontauiing 

C, Hj, P O PtCl,=[(C, H, 0)(€ H,), P]C1, PtCl, 

8alU of Hexmethylated Ethylene^dtphosphonxum 

Ihbnmtde —The preparation of this salt has already been men¬ 
tioned It IS extremely soluble in water, and even m absolute alcohol, 
insoluble in eth^ In meuo over sulphunc acid it sohdifies mto a 
mass of amcular crystals, which are exceedingly deUquescent 

The dibtomide, treated with oxide of silver, yields the correspond¬ 
ing dioxide, 

which fonu with aoida a aenes of aalta reaembhng the com^tonding 
ethyl-eompounda. Of theae I have prepared only the 
Oi-toeAdr, whieh eiyatalluea m diffieoltly aolnble needlea of die 
compoiition 

■ttrpaadng in beauty the eorreaponding ethyl-compound, and the— 
JP/afwHM-aoff.—^Thia la an apparent^ amorphona precipitateb 
whkih is nearly inaolnUe in wnter, £aaolvea iKth extreme downeaa 
in boiUng hydradilone add, and cqiantef thereAom on ooaUag in 
golden-yellow laadnaa, very mneh hke thoae of the platmumHnlt 
the hybrid ethylene-tnmethyl-triethyl-dqihQaphomnm. It eon- 
dittos 

C.H«P.Pi»Cl,.[(C,HJ"<®^; 2PtCI.. 
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Msthylkkk Orovp. 

JleiUm of TftethylpkoBphme on Dt^^xodtde of Methylene 

Tnethylphoflpliine and di-iodide of methylene act so powerfully on 
one another, that it is necessary to moderate the reaction by the pre* 
Bence of a considerable quantity of ether The reaction is Tery soon 
completed, even when the muture is largely diluted, especially if it 
be heated to 10(P in sealed tubes The saline residue left after the 
evaporation of the ether is immediately seen to be a mixture of several 
compounds, one of which—a sparingly soluble iodide crystallising in 
long needles—at once arrests attention 

From analogy we might expect to find m the salme mixtnre the 
compounds 

[(CH,I)(C,H.),P]I, 

Experiment has, however, established the presence of the first only 

The difficultly soluble crystals just mentioned are easdy pnnfied, 
being readily soluble in water, sparingly m alcohol, insoluble in 
ether Their solution m boding alcohol yields splendid needles iVe* 
quently an mch long, and possessing extraordinary lustre. Analysis 
prove this beautiful salt to be the first of the above-mentioned com¬ 
pounds. 

The new iodide behaves with nitrate of silver like the bromide of 
bromethylated tnethylphosphonmm { half the iodine is eliminated 
b the form of iodide of silver It differs, however, from the 
bromide in its department with oxide of silver which, after removal 
of the accessible bdine, leaves the latent bdme untouched, even after 
protracted ebulbtum. Apowerfully alkaline solution is thus obtained 
ocmtabing the base 

Tbs flryitali of the iodide were traneformed into the ddoride \if 
miiMi. of chloride of eilnr, end the edlution wee precipitated bj 
diehloride of phtutam. The predpitete u rerj qwiiii|^jr aolahle m 
«ild water, but ney be reeryatalUaed ftom a co n nde r a bl. qnaatilgref 
boQing water. Aa the Uqi^ eoola, apleadid iieedle>diaped oryatala 
are deporited eontaimng 

C^H., IP PtCl.aC(C W Ptca^ 
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The sparingly solnble iodide is present m proporhonally small quan¬ 
tity only among the products of the action of di-iodide of methylene 
on inethylphosphinOt I have in vain endeavoured to detect among 
these products anything of the nature of a diphoiqihonium-com- 
pound. On treating the mother-liquor of the sparingly soluble 
iodide with chloride of silver, and the dilute filtered solution with 
dichlonde of platinum, a few needles of the lodated platinum-salt 
are still deposited, but after considerable evaporation the solution 
yields crystals, all of which exhibit an octahedral habitus. I was 
equally unsuccessful m a particular expenment, m which 1 subjected 
di-iodide of methylene to the action of a large excess of triethyl- 
phosphme, and a similar report must be made of the attempt to 
produce the desired body by treating the ready prepared iodide with 
tnethylphosphine, according to the equation 

[(C H, 1)(C. H.), P]I+(C. H.), P=[(C (C. H.). PJ« 

The examination of the mother-liquor of the sparingly soluble 
iodide is a difilcult and thankless proceeding, nevertheless, by a sufii- 
ment number of iodine- and platinum-determmatious, it may be shown 
to be a mixture of four different compounds The mother-hquor is 
thus found to contain, together with the hydnodatc of the phos¬ 
phorus-base, two ciystalhzable iodides difienng in solubility, and to be 
separated from one another only by a great number of crvstalluations. 

The more soluble salt is the iodide of oxymethylated tnetbyl- 
phosphomum, corresponding to the lodomethylated compound; 
the less soluble salt » the iodide of methyl-tnethylphosphomum. 
The last mother-liquors contain considerable quantities of oxide of 
tnethylphosphine. 

Jedbde OwymBthyUtnethylpho^^honxunu 

This salt is extremely soluble both in water and m alcohol, even 
la absolute alcohol, and orystaUixes only after the alcohol has been 
completely evaporated 'Ae ciystals, resembling thefiroety efflores- 
oenoes on a window-pane, contam 

C,H..OPI«C(CH.O) (C.H,),11I 
Hw iodide, treated with oxide of nleer, ie eosTerted bto the eorre« 
qponding eauitio oxide, which, when mixed with hjrdroohloiio aeid 
and diehloiide of fdatinvm, yieida a rathar easily solnble platiniim> 
aalt of an ootahednl hahitoa. 
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Iodide qf Methyl‘tneth}^lpho^hon\um* 

The nature of the leas soluble iodide was determined bj an iodine- 
determination^ and by the analysis of theplatiunm-salt. The iodide 
disBolTes in water and in aloohol, butu insoluble in ether. By adding 
ether to the alcoholic solntiODi tolerable crystals are obtained Thu 
compound u most conveniently punfied by precipitating the alcoholic 
mother-liquor, after freeuig it by crystallization as far as possible 
ftom the lodomethylated iodide, with a quantity of ether insufRcient 
to precipitate the whole, so diat the greater part of the iodides may 
remain in solution. 

The iodide thus prepared contains 

C,H,,PI=[(CH,)(C.H.)3P]L 

For further verification of thu formula the crystals were deiodized 
with silver-oude, and the caustic hqmd thus obtained was saturated 
with hydrochloric aad and precipitated by dichlonde of platmnm 
The platinum-salt, which ciystallizes m beautiful octahedra, was 
found to contam 

C, H,, P PtCl.=[(C H.) (C. H.), P]C1, PtCl. 

The two iodides are accompanied by a considerable quantity of 
oxide of tnethylphosphine, which immediately separates m oily drops 
on treating the last mother-liquor with potash. Its presence was like¬ 
wise unmistakeably recognised by the preparation of the platinum- 
aah. If the last mother-hquor of the iodine-compounds be demised 
and mixed with hydrochloric amd and dichlonde of platmnm, a quan¬ 
tity of octahedra] salts separates m the first place, which are removed 
hy suffldent concentration, the remaining hqmd, when mixed with 
alobhol and ether, yields a crystalline precipitate, which separates 
firom alcohol by spqntanedus evaporation in the beautiful Urge 
hexagonal tables consistmg of the pUtmnm-salt of the oxychlon^ 
of triethylphospbinei which has been more fully descnbed in one of 
riie prerio^ notes on these researches. 

The formation of the fbur oomponnds contained in the mother- 
Uquor of the spanngly soluble iodide is illustrated by the following 
equatums:— 

aC(C.H.).P3+CH.I.+H.O*[(O.H,).HP]I+[(CH.O)(C,H,),^I 



XVL Beaearcbcs on the PhosphoruB-BascB.’^—No. XIL Rela¬ 
tions between the Monoatomic and the Polyatomic Bases 
By A. W. Hofmann, LL D , F.R S Received August \7^ 
1860 

In recording my experiments on the derivatives of tnethylphos- 
phine, I have had more than one opportunity of alluding to the 
energy and precision which characterize the reactions of this com¬ 
pound The nsefulness of tnethylphosphme as an agent of research 
has more particularly manifested itself m the study of the poly¬ 
atomic basesi the examination of which* m continuation of former 
tnqmries, was naturally snggested by the beautiful researches on the 
polyatomic alcohols published dunng the last few years In the 
commimoement these studies were almost cxclusnely performed with 
reference to denvatives of ammonia * but the results obtamed in tlie 
examination of triethylphosplnne have, in a great measure, changed 
the track originally pursued, and of late I have generally preferred 
to solve the problems which 1 had proposed to myself, by the aid oi 
the phosphorus-bases. 

The light which the study of these compounds throws ujion the 
nature of the polyatomic bases gencrallv, will be fully appreciated 
by a retrospective glance at the deportment ot tnethylphosphine 
under the ufluence of dibromide of ethylene, and a comparison ot 
the products formed in tins reaction with the results suggested bv 
theory. 

A simple consideration shows that tlic action of diatomic bro- 
nddes upon bases must give rise to the formation ot several classes 
of compounds* Let us examine by way of illustration the products 
wfaiflb may be expected to be formed in the reaction between lun- 
mouia and dibromide of ethylene 

The diatomic bromide bmng capable of dxuig two molecules of 
ammonia, we have m the first place fbur diatomic bromides of the 
formufae 

t(C.H,)" H,N.]»Br, 

C(C.H«V'H,NJ'Br, 

2v 


VQL X 
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Theae are. however, by uo meana the only salts which, m aocord- 
SBce with our present conception of diatomic compounds, may be 
formed m this reaction Taking into consideration the general 
deportment of dibromide of ethylene, there could be no doubt that, 
under certain conditions, this body would act with ammonia as a 
monoaiomic compound, giving nse to another senes of bodies, in 
which the hydrogen would be more or less replaced by the mono- 
atomic molecule H 4 Br. viz. 

[(C^H^Br) n,N]Br 
L(C,U,BrXH,N]Br 
[(CjH.BrXn N]Br 
[(C,H,BrX N]Br 

Further, if the reaction took place in the presence of water, it was 
to be expected that the latent bromine of these salts, wholly or par¬ 
tially eliminated in the form of hydrobromic acid, would be replaced 
by the molecular residue of water, and thus, independently of any 
mixed compounds containing simultaneously bromine and oxygen, a 
senes of salts might be looked for. in which a molecule C, (HO)» 
C, H 4 0 would enter monoatomically 

r(C,H,0) H,N]Br 
UC,H,0),H,N]Br 
[(C,H.OXn N]Br 
[(C,H, 0 ). N]Br. 

Lastly, remembering the tendency exhibited by ethylene-com¬ 
pounds to resolve themselves in the presence of alkalies into vinyl- 
products. It appeared not improbable that a fourth senes of bodies 
would hkewise be formed, 

' 1(0.11.) H,N]Br 
l(C,U,).H.NJBr 
[( 0 ,H.),HN]Br 
[(C,H,). N]Br 

la tht expenmenti on the action of dibromide of ethylene upon 
smmoma, which I have already pertly publuhed, and which, in a 
more oonnected form, I hope soon to lay before the Royal Society, 
1 have not, indeed, met with the whole of them compounds, but in 
the place of the deficient members of the gronps new products have 
made their appearance, whose formation m the present state 6t oar 
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knowledge oonld acaroelj have been predicted, and thus the problem 
of duentanglmg the difficulties of this reaction becomes a task of 
very considerable difficulty Nor did the action of dibromide of 
ethylene upon ethylammc, dicthylamine, andv^nethylamine, which 1 
subsequently studied, affbrd a sufficiently simjK "^^pression of the 
transformations suggested by theory The difficultfes disappeared at 
once when the experiment was repeated in the phosphorus-senes In 
the reaction with dibromide of ethylene, the sharply-defined characters 
of tnethylphosphinc exhibited themselves with welcome distinctness, 
and in consequence more especially of the absence of unreplaced 
hydrogen—whereby the formation of a large number of compounds 
of snbordinate tlieoretical interest was excluded-^the general cha¬ 
racter of the reaction, the recognition of which was the object of 
the inqmry, became at once perceptible 
I have shown that the action of dibromide of ethylene upon 
tnethylpfaosphine gives nse to the formation of four diiferent com¬ 
pounds, VIZ 

(C.H,).P.]''Br, 
[(0.n.Br)(C,H.),P] Br 
[(C,H.O) (C.H,).P] Br 
[(C,H,) (C.H.).PlBr. 

each of which rcqireseiits one of the /our groups of compounds, 
which under favourable circumstances may arise from tlie mutual 
reaction between ammonia and dibromide of ethylene, the produc¬ 
tion of a greater number of terms being impossible on account of 
the temaiy substitution of tnethylphosphme 


Whilst going on with the researches on the phosphoms-bascs 
which I have taken the liberty of submitUng to the Rqjal Society, 
in notes sketched as 1 advanced, 1 have not altogether lost sight of 
the expenments in the uitrogen-scnes, which had onginally sug¬ 
gested these inquines Nnmerous nitrogenated bases, both mono- 
atomic and diatomic, with which I have become acquainted during 
ibis mvestigation, must be reserved for a future communication I 
may here only remark, that these substances, altliough difiermg m 
•ev^ pmnta, nevertheless imitate in ihetr general deportment so 
closely the corresponding terms of the phosphorus-aeries, that the 

2 u 2 




footure whicib I h9m endeaTotired to delineate of the phoaphorus- 
compounda, iHuatrntea m a great meaanre the history of the nitrogen- 
bodies. 

In conclusion^ a few words about the further development of 
which the expenmenta on the polyatomic bases appear to be capable^ 
and about the direction in which I propose to pursue the track which 
thqr have opened. 

Conceived in its aimpleat form, the transition from the senes of 
monoatomic to that of diatomic bases, may be referred to the intro¬ 
duction of a monochlonnated or a monobrominated alcohol-radical 
into the type ammonia, the cblonne and bromine tlius inserted 
fhmuhing the point of attack for a second molecule of ammonia. 

If in bromide of ethylammomum—to \mH from the phosphorus- 
senes to the more generally iiiterestmg lutrogen-senes—^we replace 
1 equiv of the hydrogen in ethyl by bromine, we amve at bro¬ 
mide of bromethylammonium, which fixing a second equiralent^ of 
ammonia, is converted into the dibromide of ethylene-duunmomum, 
the latent bromine becoming accessible to silver-salts 

[(C, H, Br) H, N] Br+H* N* [(C, H,)' 11, N Br, 

The further elaboration of this reaction indicates two different 
methods for the construction of the polyatomic bases of a higher 
order. In the first place, the number of ammonia-molecules, to be 
incorporated m the new system, may be increased by the gradually 
^advancing bromination of the radical By the further broiuination 
of ethyl in bromide of bromethylammonium and the action of 
ammoma on the bodies thus produced, the following salts may be 
generated;- 

[(C.H.BrOH.N3Br+2H.N-[(C,H.y" H. NBr, 
[{C.H.BrOH,N]Br+3H.N-[(C,H^"« Br, 

[(C,H Br,)H,N]Br+4H.N-[(C,H)'«" Br, 

[(C, Br,) H, N] Br+ 5H, N-[(C. )««« H,. NJ«'« Br,. 

Again, the fixation of the ammonia-molecules rntj be attempted, 
not bj the progreanre bimnmaQon etbjrl, hot bj tbs aoenmn- 
brtion of fflottolwominated ethpl-moleonles in the amma«Bm-nudeaa. 
The bromide of di-bnmethjfamimoninm, when a n b m i t ted to the 
eetion of ammonia, would thne yield the tnbrmdde of a tiUimmo- 
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mum, the bromide of tri-bromethylammomam, the tetrabromide of 
a tetrammonium , end lastly, the bromide of tetrabromethylaramo* 
mum, the jyentabromide of a pentammomum. 


[(C,II,BrXH,N]Br+2H,N«[(C.H*V'H, N.]- Br, 
[(C,H,Br),H N]Br+3H,N«[(C,Hj3”H,,NJ"" Br, 
[(C, H,Br), N] Br+4H,N« [(C, HJ," H.,NJ.Br,. 


As yet the bromination of the alcohol-bases presents some diffi" 
culty, appropriately selected reactions, however, will doubtless fur« 
nish the several bromniated bases They may probably be obtained 
by indirect processes, similar to those by which years ago I succeeded 
in prepanng the chlorinated and brominated derivatives of phenyl- 
amine , or these bodies may be generated by the action of penta- 
chlonde or pentabromide of phosphorus upon the oxethylated bases, 
a process, which, to judge from the few experiments recorded m one 
of the preceding sketches, promises a nch harvest of results 
1 have but a faint hope that I may be able to trace these new 
paths ill the numerous directions which open in a vanety at once 
tempting and perplexing Inexorable expenment follows bat slowly 
the flight of light-winged theory The commencement is never¬ 
theless made, and even now the tnammonium- and tetrammonium- 
compounds begin to unfold themselves m unexpected vanety. One 
of the moat remarkable compounds bclongmg to the triammonium- 
group is dteihjflene inamtne. 




This bue, the firet tnand tnammtmMt fonnt fplrodid nits of the 
fomnlB 

whidi will be the subject of a special commumcation 
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November 16, I860. 

Major*0«iieral SABINE, B.A., Treasurer and Vice-President, 
m the Chair. 

In accordance ^th the Statutes, notice was given from the Chair 
of the ensuing Anniversary Meeting for the election of Council and 
Officers 

David Forbes, Esq, was admitted into the Society 

The following communication was read — 

I ** On the Laws of the Phenomena of the larger Disturbances 
of the Magnetic Declination in the Kew Observatory with 
notices of the progress of our knowledge regarding the 
Magnetic Storms By Major-General Edward Sabine, 
E.A., Treas. and V P Beceivcd November 16, 1860. 

The laws manifested by the mean effects of the larger magnetic 
disturbances (regarded commonly as effects of magnetic storms) 
have been investigated at several stations on the globe, being chiefly 
those of the British Colonial Observatories, but hitherto there has 
been no similar examination of the phenomena in the British Islands 
themselves. The object of the present paper is to supply this de- 
flcocncy, as far as one element, namely the declination, is concerned, 
by a flrst approximation derived from the photographs in the yean 
1858 and 1850, of the self-recording declinometer of the observatory 
of the Bntish Association at Kew, leaving it to the pliotographs 
of subsequent years to confirm, rectify, or render more precise the 
results now obtained by a first approximation The method of m- 
vestigation is simple, and may be briefly described as follows *— 

The photographs flirnish a continuous record of the vanatunis 
which take place in the direction of the declination-magnet, and ad¬ 
mit of exact measurement m the two relations of time, and of the 
amount of departure from a zero hne From this automatic record, 
the direction of the magnet is measured at twenty-four equal inter¬ 
vals of time m every solar day, which tbvus become the eqmvaleots 
of the hourly observations** of the magnetometers in use at the 
Cdonial Observatories. These measures, or hourly directions of the 
magnet, are entered m monthly tables, having the days of the month 



625 


in succesuvo horizontal lines, and the honrs of the day in vertical 
columns The ** means of the entries in each vertical column indi¬ 
cate the mean direction of the magnet at the different hours of the 
month to which the table belongs, and have received the name of 
** First Normals *’ On inspecting any such monthly table, it is at 
once seen that a considerable portion of tlic entries in the several 
columns differ considerably from their respective means or first nor¬ 
mals, and must be regarded as disturbed observations ” The laws 
of tlicir relative frc<|iicncy, and amount of disturbance, in different 
years, mouths and hours, are then sought out, by separating for that 
purpose A sufiicieiit body of the most disturbed observations, com¬ 
puting the amount of departure in each case from the normal of the 
same month and hour, and arranging the amounts in annual, monthly, 
and hourly tables In making these computations, the first normals 
require to be themselves corrected, by the omission in each vertical 
column of the eutnes noted as disturbed, and by taking fresh means, 
representing the normals of each month and hour ailcr this omission, 
and therefore unmfiucnced by the larger disturbances These new 
means have rcconed the name of Final Normals/’ and may be de¬ 
fined as being the mean directions of the magnet m every month and 
every hour, after the onussion from the record ot every entf) which 
differed from tliemean a cortoni amount cither in excess or in defect 
In this process there is nothing indefinite, and nothing arbitrary 
save the assignment of the particular aiuomit of difference from the 
normal which shall be held to constitute the measure of a large dis¬ 
turbance, and which, for distmction sake, we may call ** tke separating 
ea/ue/’ It roust be an amount which will separate a sufficient body 
of disturbed observations to permit their laws to be satisfactorily 
ascertamed, but in other respects its precise value is of minor sig- 
mfioancy, and the limits within which a selection may be made, 
without materially affecting the results, are usually by no means 
narrow, for it has been found experimintally on several occasious, 
that the Aa&oa by which the periodical vanatious of disturbance m 
different years, mondis aud hours are characterized and expressed, do 
not andeigo any material change by even considerable differences in 
the amount of the separating value The separatmg value must ne¬ 
cessarily be larger at some stations than at others, because the abso¬ 
lute magmtude of the disturbance-vanatiou itself is very^ diflcrent in 



diferettt psrta of the globe, as well as its comparative magaitude in 
relation to the more regular solar-diumal variation, but it must be 
a constant quantity throughout at one and the same station, or it 
will not truly show the relative proportion of disturtiance m different 
years and different months 

The strength of the Kew establishment being insufficient for 
the complete work of a magnetic observatory, the tabulation of 
the hourly directions from the photographic records has been per¬ 
formed by the non-commisaioned officers of the Itoyal XrtiUcry, 
employed under my direction at Woolwich, where this work has been 
superintended by Mr John Magrath, the principal clerk, as have 
been also the several reductions and calculations, which have been 
made on the same plan as those of the Colonial Observatones. 

In the scale on which the changes of direction of the declination* 
magnet are recorded ui the Kew photographs, one inch of space is 
equivalent to 22^ 04 of arc On a general view and consideration of 
the photographs during 1858 and 1859, 0 15 inch, or 3'31 of 
arc appeared to be a suitable amount for the separating value to be 
adopted at that station , consequently every tabulated value which 
differed 3' 31 or more, either in excess or defect from the final nor¬ 
mal of the same month and hour, has been regarded as one of the 
larger disturbances, and separated accordingly The number of dis¬ 
turbed observations in the two years was 242t (viz 1211 in 1858, 
and 1213 in 1859), being between one-seventh and one-eighth of the 
whole body of hourly directions tabulated from the photographs, of 
which the Dumber was 17,319. The aggregate value of disturbance 
in the 2424 observations, was 14,901 minutes of arc, of which 7207 
minutes were deficctiofia of the north end of the magnet to the west, 
and 7694 to the east, the easterly deflections thus having a alight 
preponderance The number of the disturbed observations, as wdl 
as their aggregate values, approximated very closel} in each of the 
two years, 1859 being very sHghtlyin excess The deemmuAfenod 
of the magnetic storms, indicated by the observations at the British 
Colonial Observatories between 1840 and 1850, had kd to the antici¬ 
pation that the next epoch of maximum of the eyrie might take place 
fai the years 1858-1859 The nearly equal proportions in which the 
numbers and aggregate values of the larger disturbances took place 
m 1868 and 1859 are so At in accordance with this new. Sboitid 
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the records of the succeeding years at KeW| made with the same in- 
strumentSj and examined by the same method, show decreanqg dis¬ 
turbance in 1860 and 1861, the predso epoch of the maximum mdi- 
cated by the records of the Kew declinometer will be ‘‘ the end of 
1858 or commencement of 1859 

In Table I are shown the aggregate values of disturbance m the 
two years, arranged under the several hours of solar time in which 
they occurred They are also divided into tlie two categories of 
westerly and easterly deflections, since the experience gamed at other 
stations has now fully established that the westerly and easterly dis¬ 
turbance-deflections arc cliaracterized in all parts of the globe by 
distinct and dissimilar laws The Ratios are also shown which the 
aggregate values at the different hours, hotli of the westerly and the 
easterly deflections,hear to their n^spective mean values,—or, m other 
words, to the sums respectively of tlie westerli and easterly deflec¬ 
tions at all the hours, divided by 24, and taken os the respective units. 

Table I —Showing the aggregate values of the larger disturbances of 
the Dechiiation at the different hours of solar time in 1858 and 1859, 
demed from the Kew Photographs, with the Ratios of disturbance 
at the several hours to the mean hourly value taken as the Unit. 


Ifetii 

Mtronomi 

cftlhoum 


I> ftKterlj dcSttCtion* 

Mfliu 

dvU 

boon 

AntTPSato valuei 
(Minutei vf VC) 

Hatioi 

Agnegftto Tblun 
(MmutM of arc ) 

Ratio! 

18 

fi5S!> 

185 

1189 

0 37 

Oak. 

10 

540 3 

183 

120 9 


7 A.K 

20 

442 0 

148 

115 2 


8ak 

21 

3701 

1-23 

1212 

0 38 

9 A K 

22 

370 0 

126 

104 6 



23 

3618 

121 



llA,M 

0 

413 7 

138 



Noon. 

1 

431 1 

144 

133 3 


1 9U 

2 

469 8 

153 

1730 


2 r.M 

3 

6130 

1-71 

108 4 


3pm 

4 

403-9 

185 

1410 


^lEESI 

6 

343 8 

116 

104 8 

0 51 

5 PM 

6 

282 5 

0 94 

291 1 

0 91 

6pk. 

7 

no 7 

0 37 

3818 

119 

7 VK 

8 

65 6 

0 22 

499 0 

166 

8 PK. 

9 

88 2 

0*29 

572 0 

179 

9 pai. 

10 

59-0 


724 8 

2 85 

10P.U 

n 

35 7 

012 

767-8 

2 36 

11 P.H. 

12 

146 7 

0 49 

709 5 

221 


13 1 

141-8 

0 47 

634-8 

1-98 

1A.H. 

u 1 

146 7 

0 40 

577-2 

1>M 

2a.k. 

15 

151-5 

031 

4648 

145 

8a.m, 

16 

289 5 

0-97 

305 8 

0 95 

4 A.M, 

17 

456-9 

133 

144-9 


5 A.V. 

Mean honrl) value 209 0 

EsES 

Mean hourly value 320 6» 100 



























The westerly and easterly deflections in the British Islands* as 
represmted by the automatic records at Kew, are obriously governed* 
as in all other parts of the globe where the phenomena have been 
analysed* by distinct laws. The westerly deflections have their chief 
previdenoe from 5 a.m to 5 p m * or during the hours of the day * 
the easterly deflections* on the other hand* prevail chiefly during the 
hours of the nighty the ratios being above unity from 7 pm to 3 a m * 
and below unity at all other hours The easterly have one decided 
maxitnuni* vu at 11 p m.* towards which they steadily and coh* 
tmnously progress from 5 pm* and from which they as steadily and 
continuously recede until 5 am. the following morning The 
westerly deflections appear to have two epochs of maximum* one 
from 6 to 7 A M * the other about 3 p m * progressing regularly 
towards the first named from 3 a.m.* and receding from it to 9 a m ; 
at 9* 10» and 11 am the ratios remain almost seusihly the same* but 
towards noon they begin to increase afresh* and continue to do so 
progressnely to the second maximum at 3 pm* flbm which hour 
they progressively decrease to 7 p m Those ratios which are less 
tlian unity* vis those of the westerly deflections from 6 p.m to 
4am* and of the tastcrly from 1am to 6 p.m * do not in either 
case exhibit the same decided tendency to one or two well-marked 
miiuma* os the ratios which are above unity do m both cases towards 
their maxima. It is possible* however* that this may in some degree 
be explained by the following consideration — 

The aggregate values of the disturbances prevailing at the diflerent 
hours, as stated in the Table* are those which have prevailed* not 
only over the forces which would retain the magnet m its mean po¬ 
sition* but also over any^ disturbmg influences in an opposite direc¬ 
tion, which may be conceived to have existed contemporaneously * 
and we cannot but suppose that as both westerly and easterly duh 
turhances do record themselves as prevailing at the same hours on 
different days, that these opposite mfluences may sometimes coexUi^ 
ueutraliang each other and not appearing in the record. We may 
reasonably suppose that the degree in which the aggregate values m 
the Table* both westerly and easterly* may be dimhushed thereby at 
the different hours* may be in some measure indicated by the dis¬ 
parity* or the reverse, in the amount of the aggregate values of dis¬ 
turbance in the opposite direotioiis at those hours. Urns wc may 



iuppose that at a particular hour, 11 p.m. for example, when the 
amount of westerly deflections is Tery small, and of easterly very 
great, the diminution of the aggregate values of either by mutual 
counterbalance may be extremely small, while of equal absolute 
amount m both Now a very small amount deducted from the large 
aggregate easterly value will scarcely have any effect whatsoever on 
the ratio at that hour to its unit or mean hourly value; whereas the 
same small amount deducted from the far loss aggregate westerly 
value at the same hour would have a far more sensible effect upon 
Its ratio. Assuming, therefore, the probability that westerly and 
easterly disturbing influences do sometimes coexist and neutralize 
each other in the record, and that we may in some degree judge of 
the respective amounts of the conflicting influences at the several 
hours by the means above stated, wc sliould be prepared to expect 
that the ratios which are below umty do not represent the actual 
variations of the disturbing influences at those hours quite so purely 
as do the ratios which are above umty, and that they are hable to 
be affected, though ui a very subordinate degree, by the abstraction 
of the neutralized portion, when the aggregate values which they 
represent are very small. 

Without, however, resting undue weight upon this suggestion, we 
may safely say that the hours, when the ratios arc below unity, ore 
hours of comparative tranquillity, and that their variations from hour 
to hour are of a far less marked character ilian during the hours when 
the rataos exceed unity Thus viewed, the character of the disturb- 
anee-diumal vunaUons may be conceived to have some analogy with 
that of tlie phenomena of the regular solar-diumal vanation We may 
imaguie the disturbance*vanation (either the westerly or the easterly, 
it 18 udifferent which is taken),-^divided as it is into two portions, by 
the ratios bemg m the one case above, and m the other below unity', 
to oorrespoud in one of its divisions to the hours when the eun is 
above the borison, in the part of the hemisphere where the disturb¬ 
ance may be imagined to originate, whilst the other division, or that 
in which the ratios are below umty, and manifest hours of conquoa- 
tive tomquiUity, may be viewed as the hours of night at the same 
locslity* The solar hours at a station observation which are 
dbaraoterued by disturbance ratios above umty, will lu such cbm 
ooirespond m absolute tune with the hours of the day at iht cup- 
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posed origmictbg localityi modified (it may be) by a more or leas 
rapid transmuHion of the disturbance It will be understood^ that 
in this hypothetical suggestion, the purpose in view is to aid the 
imaginatioii, if it may be so, in apprehending the muemhle of the 
phenomena as far as they are yet known to us, rather than to ad¬ 
vance a theoretical explanation, when we ha>e not yet sufficient facts 
before us by which it may be judged, it may be remarked, however, 
that the conception of a double locality of origination of the disturb¬ 
ances (easterly and westerly) m the one hemisphere will present no 
especial difficulty to those who are conversant with the general facts 
of terrestrial magnetism* 

If our attention be bmited to the consideration of the facts observed 
at a single station, unaccompanied by a view of corresponding pheno¬ 
mena elsewhere, we might be in danger of regarding some of the 
features, particularly perhaps those which are not the most pro¬ 
minent, as having on accidental rather than a systematic ongm; 
and we might thus lose a portion of the instruction which they 
may otherwise convey. On this account it has appeared desirable 
to exhibit the phenomena as observed at a second station, in com¬ 
parison with those at Kew, and 1 have selected for this purpose the 
ilBBults of a similar investigation to the present at Hobarton m 
Tasmania, not only because the facts have been remarkably well 
determined there, but also because, though it is a very distant station, 
differing widely in geographical latitude and longitude, and situated 
mdeed m a different hemisphere, there is a stnkmg resemblance 
in the laws of the magnetic storms experienced at both. This resem¬ 
blance, wluoh IS not only general, but extends to very minute par¬ 
ticulars, 18 such that It aeems impossible to resist the impression that 
the accordance cannot be accidental, and that the methods of obser- 
vationand of analysis which have been pursued, have proved themselves 
weU adapted to open to us the knowledge of the existence of system- 
adc kwB, pervading and regulating the action of the forces which 
are m daily operation around us, and are at UaH oo-extenaite with 
the limits of omr globe, and thus to lead us ultimately to the comet 
theory of these forces. I have placed therefore beside each other in 
the next Table the Batios of Disturbance at the diflbrenthonrs of local 
iohnr tune at each of the two stations, separating them as before 
into westerfy and easterly deflections, and plaomgtiie westerly deflect 
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hone at Kew m immediate juxtaponhon with the easterly at Hobar^ 
ton, and tnce verad^ as that obviously constitutes the just oompan* 
son. The Hobnrtou llatios exhibit the relative prevalence of dis¬ 
turbance at the several hoursi derived from hourly observations con¬ 
tinued for seven years and nine months, viz from January 1, 1841 
to September 30,1848; a senes unparalleled in duration at any other 
of the Colonial Observatories, and which has borne admirably, as 1 
shall hope to have a future opportunity of explaining to the Society, 
an unquestionable test of its substantial accuracy and fidelity The 
number of recorded hourly observations was 'i6,202, of which 7638 
difibred from their respective normals of the same month and hour 
by an amount equalling or exceeding 2' 13 of arc, and constituted 
the body of separated observations from which the aggregate values 
of disturbance at the difierent hours and their ratios have been 
obtamed The proportion of disturbed observations thus separated, 
to the whole body of observations, is about 1 in 7*35, differing very 
httle firom the proportion already noticed as obtained at Kew by a 
separating value of 3' 3* The disturbmg effects due to magnetic 
storms are therefore somewhat greater at Kew than at Hobarton, 
though some portion of the difference may be asenbed to the cir» 
eumstance, that the terrestrial horizontal force, antagonistic to the 
disturbing forces and tending to retain the magnet m its mean 
position, is less at Kew tlian at Hobarton, m the proportion, approx¬ 
imately, of 3 7 to 4 5 



Table II —Showing the comparison of the Ratios of the larger Dis- 
torhances of the Dechnabon at Uie different hours of local solar 
tunc at Kew and Hobarton 
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utronoml* 
col boun 

Kmvr 

Westerly 

deflection 

HanABTon 

Kuterly 

deflection 

Krw 

Efwteriy 

deflection 

Hobabtob 

Weeterly 

deflctliun 

l4>eftl 

deil 

hoiire j 

18 

185 

1 18 

■PH 


■El 

mxm 
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iitw 


V 4 B 


0 36 

0 62 

8 A.M 

Kfl 

1 23 


0 3H 

0 60 

9am 


126 


0 33 

0 54 

10 am 

23 

121 


0 39 

0 53 

11am 


1«38 

1 17 

0 ^4 

0 67 

Niton 


144 

144 

0 48 

0 56 

1 PM 


1 53 

1 31 

0 54 

068 

2pm 

3 

1 71 

156 

0-34 

0 60 

3 P.M 

4 

13S 

158 

0 44 

0 50 

4 pm 

a 

115 

141 

0 51 

0 42 

5pm 



1 10 

0 91 

068 

6pm 



0 62 

119 

0 90 

7pm 



0 37 

156 

150 

8 pm 

0 

029 

0*22 

1 79 

187 

9 pm 

10 

0 20 

0 17 

2 25 

2 20 

10 PM 

11 

012 

0 22 

2 38 

2 43 

11 PM 

12 

0 49 

0 38 

2 21 

215 

Mid 

13 

0 47 

0 41 

198 

1 74 

1am 

14 

0 49 

0*53 

180 

1 35 

2 A.M 

15 

0 51 

0 71 

145 

1 25 

3 am 

16 

0 97 

1 01 

0 95 

0 85 

4 am 

17 

153 

0 96 

0 25 

0 48 

5 A.M 


For the convenience of those who prefer graphical lUustrabon. I 
have represented on an accompanying woodcut the results to which 
I have referred The curves drawn in unbroken black lines, m figures 
1 and 2, show the phenomena at Kew, those m dotted hnes in the 
same figures, the phenomena at Hobarton Fig 1 presents westerly 
disturbances at Kew, and easterly at Hobarton m comparison with 
each other, they are obviously alhed phenomena. Fig 2 presents 
easterly disturbances at Kew and westerly at Hobarton, these are 
also, obviously, allied phenomena, but are as obviously governed by 
dBjrtanct laws firom those in fig. 1 

Had the phenomena at Kew and Hobarton been the oifly ones 
known to ns, we might have inferred that we had obtained the 
cbanetenstic forms of the diurnal variations due to the action of two 
distinct and independent forces, and we might have expected with 
some degree ct confidence to have found curves of corresponding 
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Mean Ihwmal Duft^arhanee VartaUon of the MagneUr DedtatOeim* 
Figu 1 and 2 ^ Km and Hnbarton ^ MeJena 
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fonn by a nmilar analyau elsewhere,—and so far expenenoe has 
been in accord with expectation But, as the /orma of these two 
pair of curves are not only respectively stmilar, but as they also 
correspond in the Aotera at which their chief characteristic features 
occur, we might also have formed an inference which would have 
proved erroneous, viz. that the hours as well as the forms would be 
tbe same at other stacious Now this is so far from being in 
accordance with the facts which we already possess, that whilst the 
forms present generally a marked resemblance, the hours at different 
stations exhibit every variety To exemplify this I have given lu a 
third figure the curve of the westerly disturbance diurnal varintioii 
at St Helena, of which the form is manifestly the same as that of 
the two curves m fig 2, whilst the hours of its most marked features 
exhibit a difference of nearly 12 hours of local time from those in 
fig 2 

It may not be unsuitable on the present occasion to take a brief 
retrospective view of the progress of our knowledge respecting these 
remarkable phenomena, videlicet, the casual magnetic duturhances, 
or magnetic etorms Antecedently to the formation of the German 
Magnetic Association and the publication of its first Annual Report 
m 1837, our information concerning them went no further than that 
there occurrefi at times, apparently not of regular recurrence, extra¬ 
ordinary agitations or perturbations of the magnetic needle, which 
had been noticed in several instances to have taken place eontempo^ 
ra/MQualy in parts of the European continent distant from each other, 
and to have been accompanied by remarkable displays of Aurora, 
seen either at the locality itself where the needle was duturbed, or 
observed contemporaneoaBly elsewhere The opimon which appears 
to have generdly prevailed at this time, was that the Aurora and 
the magnetio disturbances were kindred phenomena, originating pro¬ 
bably m atmo8{dieiical derangements, or connected at least in some 
way with disturbances of the atmospherical equilibnum. They 
were dassed accordingly as “ Meteorological Phenomena,*' and were 
^supposed to have a local, though it might be in some instances a 
extension and prevalence 

The spedal purpose of the German Magnetic Association was to 
■ul^eot the “ trr^ular magnetic dieturhanees *’ (as they were then * 
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called m contradisdnction to the regular penodieal and secular rana- 
tKms) to a more close examination, by means of systematired ob- 
aervations made simultaneously in many parts of Germany. With this 
view, BIX concerted days m each year were set apart in which the di¬ 
rection of the dechnation-magnet should be observed with great 
accuracy, by methods then ibr the first time introduced, at succesBive 
intervals of five minutes for twenty-four consecutive hours , the me¬ 
teorological instruments bemg observed at the same time The 
clocks at all the stations were set to Gottingen mean time (Gottingen 
bemg the birth-place of the Association), and the observations were 
thus rendered strictly simultaneous throughout The high respect 
entertained for the erament persons with whom tiio scheme of the 
Association onginated, obtained for it a very extensive cooperation, 
not limited to Germany alone, but extendmg over a great part of the 
European Continent. The observations of the Term-days/* as 
they were called, were mamtamed until 184], and were all trans¬ 
mitted to Gottingen for coordination and companson 
The pnnapal results of this great and admirably conducted co¬ 
operative undertaking were published lu works well known to mag- 
neticians. They may bo summed up as follows —^The phenomena 
which wore the subjects of mvestigatiou were shown to be of casual 
and not regular occurrence, to prevail contemporaneously everjrwhcre 
withm the hmits comprehended by the observations, and to exhibit 
a correspondence surprisingly great, not only m the larger, but even 
in almost all the smaller oscillations, so that, m the words of the 
Reporters, MM Gauss and Weber, ** nothing in fact remamed which 
could justly be asenbed to local causes.’* 

Equally decided were the oonclusious drawn agamst the previously 
iroagmed connexion between the magnetic disturbances and derange¬ 
ments of the atmosphere, or particular states of the weather. No 
perceptible influence whatsoever on the needle appeared to be pro¬ 
duced either by wmd-storms or by thunder-storms, even when close 
at hand. 

The correspondence in the simultaneous movements of the dedina- 
tbn-magnet, so strikingly manifested over an area of such wide extent, 
wu however more remarkable in respect to the dtreeiton of a per¬ 
turbation than to its omoiml The disturbances at different stations, 
and even, as was expresdy stated, at all the stations, coinoidedi even 
you X. 2 X 



686 


in the smaller instanceBc m tune and m direction, but mth diBnmtlar 
proport%on9 of magnitude Thus it waa found generally that by far 
the greater number of the anomalous indications were smaller at the 
southern stations and larger at the northern, the difference being 
greater than would be due to the difference in the antagonistic 
rctainmg force (t e, the honzontal force of the earth^s magnetism, 
which IS greater at the southern than at the northern stations)* 
The generality of tins occurrence led to the unavoidable mference, 
that, m Europe, the energy of the disturbing force must be regarded 
weaker as we follow its action towards the south 

A close and minute comparison of the simultaneous movements at 
stations m near proximity to each other led to the further conclusion, 
also stated to be unavoidable, that ^‘various forces must be admitted 
to be contemporaneously m action, being probably quite independent 
of each other, and having very different sources, the effects of these 
various forces lieing intermixed m very dissimilar proportions at 
vanouB places of observation according to the directions and distances 
of these from the sources whence the perturbations proceed (Re* 
snltate aus den Beob des Mag. Vereins, 1836. pp 99, 100.) The 
difficulty of disentangling the complications which thus occur at every 
mdivtdual station was fully foreseen and recognized, and the Report, 
which bears the imtial of M. Gauss, concludes with the remark that 
** it will be a tnumph of science, if at some future time we should 
succeed in reducing mto order the manifold intricacies of the com* 
binatums, in separating from each other the several forces of whudi 
they are the compound results, and m assigning the source end 
measure of each 

Such was the state of the inquiry^hen it was entered upon by the 
Royal Society. The' Report of the Committee of Physics drawn up 
(tnier aha) for the guidance of the Magnetic Observatories esta* 
Uished by H M. Government for a limited penod in four of the 
British Colonies, bears date in 1840. The objects proposed by 6us 
Report were a veiy considerable enlargement upon those of the 
German Assoomtion, as well as an extension of the research to more 
distant parts of the globe. The German observations had been 
limited for the most part to one only of* the three elements reqmred 
m a complete investigation. When the German Assooution com* 
menced its operatums!, the Deelination was the sole element fbrwhieh 



an apparatus had been devised capable of recording its variations 
with the necessary precision To meet the deficiency in respect to 
the horizontal component of the magnetic forcei M Gauss constructed 
in 1637 his btfilar magnetometer, which was employed at Gottingen 
and at some few of the German stations, concurrently with the 
Declinometer, in the term observations of the concluding years of 
the Association But an apparatus for the correBpondmg observa* 
tion of the vertical portion of the Force was as yet wholly wanting, 
without Bucli an apparatus as a companion to the biiilar, no deter¬ 
mination could be made of the perturbations or momentary changes 
of the magnetic Dip and Force and without a knowledge of these no 
satisfactory conclusion in regard to the real nature, amount and 
direction of the perturbing forces could be expected. The ingenuity 
of Dr Lloyd supplied the desideratum by devising the vertical force 
magnetometer, which, with adequate care, has been found scarcely, if 
at all, inferior to the bifilar in the performance of its work* The 
scheme of the British Observatones was thus enabled to comprehend 
all the data required for the investigation of the casual disturbances, 
whether that investigation was to be pursued as before by concerted 
Bunnltaneoua observations at different stations, or, as suggested m the 
Ileport, the determination of the lawe, relatione and dependeneiee 
of the dieiurhancee at tndimdml etatione obtained independently and 
without concert with other oheenere or other etatione* ThuS) in 
reference to these particular phenomena, the British system was both 
an enlargement and on extension of the objects of the German Asso¬ 
ciation, but it also embraced within its scope the determinations 
with a pTcaBion, not previously attempted, of the abeolute valuee of 
the three elements, and of the pemodieal and progreeeive changee to 
which thqr are subject, premising however, and insisting with a 
sagadty which has been fully justified by subsequent experience, on 
the necessity of ehmiuatmg in the first instance the effects of the 
casual and transitory variations, as an mdispensable preliminaiy to a 
correct knowledge and analysis of the progressive and periodical 
changes. A farther prbmmency was given to investagationa into the 
particular class of phenomena which form the subject of this paper, 
by the declaration that the theory of the tnuuntory changes is m 
Itself one of the most interesting and important points to which the 
attention of magnetic inqmrers con be turned, as they are no doubt 
intimately connected with the general causes of temstrial magnetism, 
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and will probably lead us to a much more perfect knowledge of these 
causes than we now possess ’* 

Tlie mstructionB contained in the Boyal Socicty*s Rejiort for the 
a^ustm^ts and manipulation of the several instruments provided for 
these purposes were clear, simple and precise In looking back upon 
them after the completion of the services for which they were 
desigaed, it is im^iossiblc to speak of the instructions otherwise than 
with unqualified praise But the guidance afforded by the instruc¬ 
tions terminated with the completion of the observations To have 
attempted to presenhe the methods by which conclusions, the nature 
of which could not be anticipated, should be sought out from observa¬ 
tions not yet made, would have been obviously premature Yet 
without some discussion of the results, the mere publication of un¬ 
reduced observations is comparatively valueless It has been well 
remarked by an eminent authority, whose opinions expressed m the 
Royal Soexety^s Report have been frequently referred to m the course 
of this paper, that ** a man may as well keep a register of his dreams, 
as of the weather, or any other eei of datly phenomena^ if the spirit 
of grouping, combming, and eliciting results be absent It was 
indispensable that the attempt should be made to gather in at least 
the first fruits of an undertaking on which a considerable amount of 
public money and of individual labour had been expended, and the 
duty of making the attempt might naturally be considered to rest on 
the person who had been entrusted with the superintendence of the 
(jovemment Observatoncs. The methods and processes adopted for 
reducing, combining, ehmiuating, and otherwise eliciting results were 
necessarily of a novel description, they were m fact an endeavour to 
find a way by untrodden paths to simple and general phenomenal 
laws where no definite knowledge of the ongin or mode of causation 
of the phenomena previously existed Happily it is not necessary 
to trespass on the tune or attention of the Society by a description 
of the methods and processes which have been employed to elucidate 
some of the leading features of the magnettc ^nns, os these are fully 
described m the discussions prefixed to the ten large volumes m which 
the observations at the Colonial Observatonea have been printed It 
will he only necessary to advert, and that very briefly, to some of the 
primdpal eondurions which may be supposed to throw most light on 
the theory of these phenomena. 

The results of the extension of the term-day comparisons to the 
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American Continent, and to the Southern Hcmiaphere and the 
Tropics, may drat be disposed of in a very few words. The contem¬ 
poraneous character of the disturbances, which had been diown by 
the German term-observations to extend over the larger portion of the 
Eurojiean Continent, manifested itself also in the compansons of the 
tenu-days in 1840, 1841, and 1842 at Prague and Breslau in Europe, 
and Toronto and Philadelphia in America, published in 1845, and 
tlic same conclusion was obtained by comparing with each other the 
term-days at the Colonial Observatories, situated in parts of the globe 
most distant from one another The days of disturbance still appeared 
to be of casual occurrence, but were now recognized as affections com¬ 
mon to the whohplobet showing themselves simultaneously at stations 
most widely removed from each other When distant stations were 
compared, as for example stations in Europe with those m Amenca, 
and cither or both with Tasmania, discrejiancies in the amount of par¬ 
ticular perturbations, similar to those which had been found m com¬ 
paring the European stations with each other, presented themselves, 
but larger and more frequent, and extending occasionally even to the 
reversal of the dtreeiion of the simultaneous disturbance Instances 
were not unfrequent of the same element, or of different elements, 
being disturbed at the same observation-instant m Europe and 
America, and on the other hand, there were perturbations, sometimes 
of considerable magnitude, on the one continent, of which no trace 
was visible on the other. Hence it was concluded, with the increased 
confidence due to this additional and more extensive ex)»enence, 
that various forces proceeding from different sources were oontem- 
poraneously in action, and it was further inferred that the most 
suitable and promising mode of pursuing the investigation was by an 
endeavour to analyse the effects produced at individual stations, and 
to resolve them if possible mto their respective constituents. 

The hourly observations which had been commenced at the 
Colonial stations m 1841 and 1842, and oontmued throu^ several 
subsequent years, furnished suitable materials for this investigatioii, 
the first fruits of adifeh were the discovery, that the dwturbanoai^ 
though casual in the times of their occurrence, and most intgnlar 
when individual perturbations only were regarded, were, m their 
mean effects, strtetfy perwdteal phenomena , oonfomung in each 
dement, and at each station, on a mean of manv days, to a law da^ 
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pendent on the golnr hour, tliue constituting a systematic mean 
diurnal vanation distmct from the regular daily solar-diumal vanation» 
and admitting of being separated from it by proper processes of 
reduction Thu conformity of the duturbances to a law depending 
on the solar hours was the first known circumstance which pointed to 
the sun as their primary cause, whilst at the same time a difference m 
the mode of causation of the regular* and of the disturbauce-diumal 
vanatioiu seemed to be indicated by the fact, that in the disturbance- 
variation the local hours of maximum and mmimum were found to 
vary (apparently without hmit) m different meridians, m contrast to 
the general uniformity of those hours in the previously and more 
generally recognized regular solar-diumal variation 

Thu first reference of the magnetic storms to the sun as their 
pnmaiy cause, was soon followed by a far more striking presumptive 
Cl idence of the same, by a further discovery of the existence of a 
periodical variation in the frequency of occurrence! and amount of 
aggregate effects, of the magnetic storms, oorrespondmg in penod, 
and coincident m epochs of maximum and minimum, with the de¬ 
cennial vanation in the frequency and amount of the spots on the 
sun’s disk, denved by Schwabe from his own systematic observations 
commenced in 1826 and continued thenceforward The decennial 
variation of the magnetic storms u based on the observations of the 
four widely dutnbuted Coloiual Observatories, and is concurred 
in by all This remarkable correspondence between the mag¬ 
netic storms and physical changes in the sun’s photosphere, of 
such enormous magnitude as to be vuible from the earth even by 
the unassisted eye, must be held to terminate altogether any hypo¬ 
thesis which would assign to the cause of the magnebe dutorbanoei 
a local origin on the sur&ce or u the atmosphere of our globe, or 
even in the terrestrial magnetum itself* and to refer them* as cos- 
niical phenomena, to direct solar mfluence, leavmg for future sola- 
turn the question of the mode in which that influence produces the 
effbets which we believe we have thus traced to their source in the 
central body of our system** 

* Thcexiiteiioeofadeoenaislpenoc(oftheiiia|pBtic»tonmwssao(!astoaM 
have fuppoted, s fortoitoui diioovery t but a oouieqnmice of a prooan of examl- 
Mtionearir end expreaslr deviled, hy flie employment of a cenfAmlseps- 

xatias value, to make known any period of longer or ahorlerdaraflonwfaiefaml||^t 
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AVe nmy regard as a step towards this solution the separation of 
the disturbances of the declination into two distinct forces acting in 
different directions and proceeding apparently from different foa, 
the pbenomenn of distinct (though in so many respects closely alhed) 
sanations exhibit the same peculiar features at all the stations to 
winch the analysis has hitherto extended, and ha^ e been exemplified 
by the obscn^ations at Kew, as shown in the early part of this paper 
A similar separation into two mdependeut affections, each havuig its 
own distinct ))heuomcual laws, has followed irom an analysis of the 
same description applied to the disturbances of the magnetic dip and 
force at the Colonial stations, thus placing m evidence, and tracing 
the approximate laws of the. effects of six distinct forces (two in each 
element) contemporaneously in action m all parts of the globe, and 
pointing in no doubtful manner to the existence of two terrestrial 
foci or sources in each hemisphere from which the action of the forces 
emanating from the sun and communicated to the earth may be con¬ 
ceived to proceed Such an ascuption naturally suggests to those 
conversant with the facts of terrestrial magnetism the possibility that 
Halley's two terrestrial magnetic foci m each hemisphere may be 
either themselves the locabties m question, or may be in some way 
intimately connected with them The important observations which 
we owe to the eeal and devotion of Captain Maguire, K N. and the 
Officers of H M*S * Plover,’ have made us acquainted with Fomt Bar¬ 
row as a locality where the magnetic disturbances previ^l with an 
energy far beyond ordinary experience, indicatmg the proximity of 
tkht station to the source or sources from which the action of the 
forces may proceed Now Point Barrow is situated m a nearly inter¬ 
mediate position between what we beheve to be the present locabties of 

fiUl within the Hmits comprised by the observations The penod being decennial, 
and the epoch of minimum oecomng at the end of 1843 or beginning of 1844, 
the epocdi of maximum was ueeessarily waited for in order to ascertain the precise 
duiatLm of the < 7 cle« The maximum took place in 1B48-1B49, the observations 
in 1860 and 1851 showing that the aggregate value of the annual disturbances 
was Bgsin diminishing as it had been in 1842 and 1843. The process of deter¬ 
mining the proportion ofjifetiirbance in diflhrent years is a somewhat laborions 
one, aadrequhrMtIme in March 1852,1 was able to announce to the Royal 
Society the existence of a deoeaaial varution, based on the concurrent testimony 
of the ohservatious at Toronto and Uobarton, deeming it proper that to remark¬ 
able a Cut should not be pubUcly stated until It hod been thorottgbly aMured 
by Ittdspeadeat obienrathms at two very distant parts of the globe. 
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Hallqr*s northern foe^ and at no great distance from either: in ancb 
a situation the exposure to disturbing influenoes proceeding from both 
xnight well be supposed to be very great. The displays of Aurora at 
Pouit Barrow exceed also m numerical frequency any record reoeiTed 
fhim any other part of the globe. 

The further prosecution of this inrestigation appears to stand in 
need of some more systematic proceeding than would be supplied by 
the uucombmed efforts of indmdual zeal Obacrvations similar to 
those of the Kew Obserratory, made at a few stations in the middle 
latitudes of the hemisphere, distributed with some approach to 
symmetry in their longitudinal distances apart, would probably fur* 
msh data, which by tbcir combination might serve to assign the 
localities from whence the disturbances are propagated—^contribute 
still further to disentangle the complications of the forces which pro* 
duce them,—and thus hasten the attainment of that ** triumph of 
science*' foreseen and foreshadowed by the great geometrician of 
the last age Of such a nature was the scheme contemplated 1^ 
the Joint Committee of the Royal Society and Bntish Association, 
and submitted to 11, M Goverament m the hope of obtaining 
their aid m the execution of such part of it as fell withm British 
dominion, and of thus ** maintaining and perpetuating our national 
claim to the furtherance and perfecting of this magnificent depart¬ 
ment of physical inquiry” (Herschel m * Quarterly Review/ 
September 1840, p. 277 ) The scheme was no unreasonable one: 
probably eight or nine stations in the contour of the hemisphere 
might suffice; and of these we already possess the observations at 
Toronto i those at Kew are m progress; and self-recording instm- 
ments, similar to those at Kew, are now under venficatiou at Kew pre- 
paratoiy to being employed on the Western or Pacific aide of the 
United States Territory, at a point not far from the previously desired 
Station of Vancouver Island, for which a substitute is thus provided. 
This Observatory, as well as one at Key West on the southern coast 
of the Umted States, m which self-recording instruments are already 
at work, will he maintained under the autbon^ and at the expense 
of the American Government, and both have been placed und^ the 
superintendence of the able and mdefiitigable director of the Coast 
Survey,” Dr Alexander Dallas Baehe. The Russian Observatory at 
Pekin, the trustworthy observations of which are already knpwn to 
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the Society, u undentood to have recommenced its hourly observa* 
tions, aud stands only in need of an apparatus for the vertioBl force 
(which might be readily supplied from this country^, to contribute 
Its full complement to the required data. More than half the stations 
may therefore be regarded as already provided for, and there are 
other Russian observatories in the desired latitudes and longitudes 
which might be completed with instruments for a full participation 
It would be wrong to conclude these imperfect notices withont 
recognizing how greatly the researches have been aided in their 
progress by the united and unfailing countenance and support of the 
Royal Society and of the British Association. The Kew Observatory 
owes Its existence and maintenance to funds most liberally supplied 
fh>m year to year by the British Association , and the cost of the 
self-recording magnetic instruments, of which the first instalment of 
the results has formed the early part of this paper, was supphed firom 
fiinds at the disposal of the Council of the Royal Society. Mag- 
netical science, rapidly as it is advancing, is even yet m its infancy, 
and it IB ui their early stages particularly that all branches of natural 
knowledge stand m need of the fostentig aid of societies m which 
science is valued and cultivated for its own sake 


November 22, 1860 

Major-General SABINE, R.A.j Treasurer and Vice-President, 
m the Chair. 

John Thomas Quekett, Esq, was admitted into the Society 

In accordance with the Statutes, notice was given of the ensuing 
Annivcrsaij Meeting, and the list of Councjl and Officers proposed 
for election was read as follows —* 

Pretideni —Sir Benjamin Collins Brodic, Bart, D C.L. 

Treimrer* —Major-General Edward Sabine, R A, D G L. 

J William Sharpey, M D, LL D. 

8eereimee.— | ^ ^ 

Foretffn fifccrefOf^v—Wilham Hallows Miller, Esq, M.A. 
OtAer Memhm of the Council —John Couch Adams, Esq., Sir 
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Joba Peter Boileeu, Bart.; Arthur Cayley, Eaq., Willuun Faurbaiio, 
LL.D ; Hugh Fdconer, M.D , \l^illuun Farr, M.D., D C.L., 
Thomas Graham, Eaq, M.A, D C L , Sir H Hollaud, Bart, M D, 
D.C.L., Thomas Henry Huxley, Esq; Sir J G Shaw Leferre, M.A, 
O.C.L , James Paget, Esq , Joseph Prestwich, Esq , William Spottis* 
woode, Esq., M A., John Tyndall, Ph.D., Alex William Williamson, 
Ph D , Col. Philip Yorkc 

The following communications were read.— 

I “On Bone Ethide." By Edward Frankland, Ph.D, 
F.B S , and B. Duffa, Esq. (See p. 568.) 

II. “ On Cyanide of Ethylene and Succinic Acid "—Preliminary 

Notice By Maxwell Sihfbon, Ph.l>. (See p 674.) 

III. “Results of Researches on the Elcctnc Function of the 
Torpedo " By Professor Carlo Matteucci of Pisa. In 
a Letter to Dr. Sharfey, See. R.S. (Sec p. 576) 

IV. “Natural History of the Purple of the Ancient*" By 
M Lacaze Dutbierb, Professor of Zoology m the Faculty 
of Sciences of Lille. (See p. 679) 

V. “ Contributions towards the History of Azobenzol and Ben¬ 

zidine." By F. W. Hofuamn, Fh.D (See p 686.) 

VL “On Bromphenylamme and Chlorphenylanune." By E. 
T Mills, Esq (See p 689.) 

VII “ New Compounds produced by the substitution of Ni¬ 
trogen for Hydrogen." By P. GIribss, Esq. (See p. 691) 

VIII. “ Contributions towards the History of the Monammes." 
—No III. Compound Ammonias by Inverse Substitution. 
By A. W. Hofmann, LL D., F.B.8 &c. (See p. 694.) 

IXt “ Notes of Beseardies on the Poly-Ammonias."—No. IX. 
Remarks on anomafoiw Vapour-densities. By A. W. Hof¬ 
mann, LL.D., F B.S. &c. (Sec p.'696.) 

X. “Notes of Beseerches on the Poly-Ammomas.”—^No. X. 
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On Sulphamidobenzanune, a new baae, and some Bemarks 
upon Ureas and so-callcd Ureas By A. W. HofmanNi 
LL.D., F K.S. &c. (See p 598) 

XI. ** Researches on the Phosphoras-Bases/^—No. Vlll. Oxide 
of Triethylphosphine By A W. Hofmann^ LL.D.j F,R.S. 
&c. (See p 603.) 

XII Researches on the Phosphorus-Bases —No IX. Phos- 
pharsomum Compounds. By A. W Hofmann, LL.D.j 
F.RS &c (Seep 608.) 

XIII. ** Researches on the Phosphorus-Bases No. X. Meta¬ 
morphoses of Bromide of Bromethylatcd Tnethylphos- 
phomum. By A W Hofmann, LL D., F.R S &c. (See 

p 610.) 

XIV Researches on the Phosphorus-Bases^^—No. XL Ex¬ 
periments in the Methyl- and m the Methylene*Senes* 
By A. W Hofmann, LL.D., F.R.S &c (See p 618.) 

XV. " Researches on the Phosphorus-Bases.”—No. XII. Rela¬ 
tions between the Monoatouiic and the Polyatomic Bases 
By A. W. Hofmann, LL D , F R.8. &c. (See p. 619.) 

XVI "On the Physiological Anatomy of the Lungs.” By 
James Newton He ale, MD. Communicated by Sir 
B. C Bbobib, Bart., P R.S Receiycd August 28, 1860 
(Abstract) 

The arrangement observed m the divisions and subdivisions of the 
bronchial tube is that of a pamcle. There is everywhere to be di¬ 
stinguished a straight diminishing tube, from which lesser tubes are 
given off alternately ffom its sides, these lesser tubes m their turn 
observe a similar plan of distribution, and the smaller tubes, down to 
their ultunate terminations, are governed by the same system. There 
IS nowhere to be found either a true dichotomous or a trichotomoos 
division. 

The distinction between that part which is bronchial tube and 
that which is parenchyma, is, m a properly ixyeoted lung, marked 
and veiy decisive^ and can never be mistaken by even the most mex* 
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perienoed person, when e fragment, however small, >s exammed by 
the nucrosoope* 

When the bronchial tubes have reached their pennltimate termi¬ 
nations, the coats which form their perimeters split, as it were, into 
two layers The outer of these, which is tougher, thicker, and more 
fibrous, expands and encloses an ultimate portion of the parenchyma 
To these portions of the lung the name of * leaflets ’ is given in this 
treatise. The outer coat of the bronchial tube, by being spread out 
in the leaflets, becomes continuous with the general parenchyma of the 
lungs. The inner portion of the tube immediately divides into nu¬ 
merous minute tubes, to which the name of ‘ pedicels' is now given. 

Each of the pedicels goes to a different leaflet, but each leaflet 
receives several pedicels from different terminal bronchial tubes 
A minute anastomosis is thereby established between the termina¬ 
tions of the different bronchial tubes, through the leaflets. On 
entenng the leaflet, each pedicel splits up into processes which ex¬ 
tend to the internal perimeter of the leaflet, and by intersections with 
similar processes derived from the other pedicels, divide the interior 
mto compartments called * air-cells * 

Each leaflet is, to a connderable extent, divided from those which 
surround it by sulci, but it is continuous in structure with them by 
certab parts of its base, m which it is in contact with them and 
adherent. 

On the surface of the lungs these leaflets give the appearanoe of 
bodies of a somewhat quadrilateral shape. 

The intenor of all the bronchud tubes is marked with 'nigm,’ and 
these rugte show the direction of the bundles of longitudinal con¬ 
tractile fibres, which are placed immediately beneath the mucous 
membrane. These longitudinal fibres are surrounded by circular 
ones, and it is by the contraction of theBe latter that the rugse are 
formed When the bronchial tubes have been kept distended, the 
rugse are not present, the mucous membrane is then perfectly smootii. 
There are no such things as * alveoli * belonging to the tube. 

The bronchial arteiy snpplies the following structures i— 

I. The successive layers of cellular tissue, the lymphatic glands;, 
coats of the pulmonary vessels, neurilemma, &c 
II The fibro-cartilagmous and fibrous portion of the hronohtol 
tubes, some exceedingly minute capillaries, denved from these, ex- 
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tend into the mucous membrane, but do not in any way anastomose 
with the proper vascular plexus belonging to this structure 

III The bronchial artery aRo freely supplies the walls and pro¬ 
cesses of the leaflets with arterial blood. 

IV Some small branches arrive at the surface of the lungs, being 
conducted thither by some minute bronchial tubes, which communi¬ 
cate with longitudinal air-passages to be found in the substance of 
the pleura These small artenes anastomose freely with other 
branches of the same artery in the sub-pleurol cellular tissue. 

The bronchial artery forms no sort of anastomoBia with the pul¬ 
monary system in any part of the lungs, and is quite inca}>able of dis¬ 
charging the function of the latter under any circumstances whatever 
The bronchial vetns are of two sorts one forms a very free system 
of iiioscnlattou on the surface of the lungs, the other is always dis¬ 
coverable (m the recent lung) in the loose cellular tissue surrounding 
the bronchial tubes • they both have va/ees, and consequently cannot 
he injected iti a retrograde direction, but they can both be injected 
from the bronchial artery. Neither of them caii be mjected under 
any circumstances from the pulmonary system They both have 
large intercommunicating trunks 
The pulmonaiy artery accompanies the bronchia] tube, dividing 
precisely as it divides, wherever there is a bronchial tube, however 
small, there is likewise a corresponding pulmonary arteiy, and never 
more than one It gives off no branches to any collateral structure, 
and it forms no inosculations either with its own branches or with 
any other vessels, every portion of it ultimately reaches the leaflets, 
and there it makes a most mmute, umform and equal reticulatiou, 
anastomosing throughout the lung 
The pulmonary vein commences by t^ft9 m the mtenor of the 
leaflets, part of the capillary vessels emerges on to the surface of the 
leaflet, and commences the formation of minute veins, which imme¬ 
diately dip down through the sulci which divide the leaflets, to reach 
the mterlobular surfaces, where they increase m sue, and ultimately 
come mto contact with the under surface of a bronchial tube * the 
other part of the capillary vessels makes its way from the mtenor of 
the le^t by means of the pedicel, and reaches the mucous mem¬ 
brane, where a most abundant, mmute, and exceedingly r^lar plexus 
is formed, occupying the whole surface of the mucous membrane. 
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Thia plexus in the biger tubes is reinfimed by blood-yessels derived 
fh>m nnmeroas leaflets which surround the bronchial tubes * straight 
vessels penetrate iVom these leaflets through the walls of the bronchial 
tubes, to reach the plexus in the mucous membiune 

On the external surface of the bronchial tubes, numerous raduiting 
vessels collect the blood from the plexus in the mucous membrane, 
and the trunks of these radiating vessels soon terminate m the veins, 
already described as coming into contact with the under surface of 
the bronchial tube. 

The vessels which have been alluded to as receiving their tn- 
butanes m the interlobular surikces, collect their blood from all the 
surrounding lobules, consequently the blood which reaches the vein 
placed in contact with a particular bronchial tube, is not denved 
exclnsively from the same lobules as those with which that bronchial 
tube and its aocompanying artery are in connexion, but it receives 
Its blood from all parts of the lungs promucnously. 

The pulmonary veins accompanying the bronchial tubes continue 
to increase in size m proportion as the tubes themselves increase, and 
finally they terminate m the large veins which enter the left auricle. 

XVII. *' On the Camture of the Indian Arc ** By the Vene¬ 
rable J. H . Pratt, Archdeacon of Calcutta. Communicated 
by Prof Stokes, See BB. Beeeived Sept. 8,1860 
(Abstract) 

This oommunioation completes the serus of the author's ptptn 
on the subject of the Indian Are He eommenees by recapitulating 
the chief results of hu former calenlations, and advertmg to the at¬ 
tempt nhich he made'm his former papers to explain the diAcnUy 
whieh tiiose caleulations brought to light, nam^, that the ampli- 
tndes (tf the ans from Kahana to Kahanpnr and from Kalumpw to 
Damaq^do, determined geodetiealiy, were so little m exeess as ttey 
proved to be of the same smplitndet determined astnmomioa^,—a 
difioulty whidi he endeoronied to get over by attnbntmg to tiie 
Indian Are a eurvatim diffeient from that corresponding to the mean 
meiidiaa of the earth. In the present cfammumcation, introduoiiig 
the oonditioe that the length of the (diord the are must be foe aame 
in both foe eUipses, foe loeal and foe mean, drawn throH|^ the 
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stations at the extremities of the aro» he demonstrates that no change 
m the curvature of the arc, withm reasonable and indeed withm 
wide limits, can have anj appreciable effect on the calculated am¬ 
plitude The autlior's conclusions from the whole investigation re¬ 
garding the Indian Arc are thus summed up — 

(1) Colonel Everest discovered that the astronomical amphtudesof 
the two portions of the Indian Arc between Kaliana and Kahanpur, 
and between Kalianpur and Damargida, arc, the first less by 5'' 24, 
and the second greater by 3'' 79, than the geodetic amplitude calcu¬ 
lated with the mean semi-axes end ellipticity of the earth 

(2) The geodetic ampbtudes of these two portions of the arc, 
calculated from the measured lengths and with the mean axes, will 
be sensibly exact, even should the curvature of the arc differ firom 
that of the mean meridian within reasonable but wide limits—«thing 
which geology teaches us to be very likely the case 

(3) Hence the geodetic measurements of the survey being without 
sensible error, as is known by the tests applied, the discrepancy in 
(l)€an only arise from local attraction affecting the vertical hne, and 
so changing the astronomical amplitudes 

(4) Two gre«t visible causes of disturbance of the vertical by at¬ 
traction are, the Mountain Mass on the north of India, and the Ocean 
on the south. The influence of both of these » felt all over India, 
the first producing a northerly deflection, varying firom 27'' 98 at 
Kaliana to a sensible angle (probably about 3", but this the author 
has not calculated) at Cape Cornonn $ the second producing also a 
northerly defiertion, varying from about 19'''71 at Cape Cornonn 
to 6"* 18 at Kaliana 

(5) The combined effect of these two visible causes is to make the 

astronomical amplitude of the upper arc 13" 11 too small, and of the 
lower 3" 82 also too small They are therefore insufficient to ac*- 
count for the discrepancies pomted out by Colonel Everest. Some 
other cause must exist tending to increase the upper astronomical am- 
tode by 24s=7" 87, and also to increase the lower am¬ 

plitude by 3" 82-h3'' 79=7'' 61 

(6) It has been demonstrated that a slight but wide-spread varia¬ 
tion m the density of the crust, from that deduced from the flmd- 
theory, either in excess or defect, such as there is no difficulty m 
conceiving to exist, is sufficient to account for deflections such as 
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tliese. For example * an exceu of dennty amounting only to ^th 
part, extending through a circuit of about 120 miles around the 
mid-pomt of the whole arc between Kahana and Damargida (and 
therefore not far from Kalianpur), and to a depth of about 200 miles, 
wSH produce this effect, and make the calculated deflections from the 
three causes—the mountains, the ocean, and this hidden cause below 
—exactly accord with the observed errors in the astronomical ampli¬ 
tudes. 

(7) The resulting total deflections at Kaliana, Kahanpur, and Da- 
maigida, ansing from the three causes, are 26 " 29, 21" 05, and 
24" 84 these make the two astronomical amplitudes, the one 5" 24 
smaller, and the other 3" 79 larger than the geodetic amplitudes, 
the error brought to light by Colonel Everest 

(6) No error can arise m the mapping of India by using the geo* 
detic measurements But the position of any places put into the map 
thus formed, the latitudes of which are determined from observations 
of the sun or any other heavenly body, will be wrong by the total 
amount of the deflection at those places, amountmg m the three cases 
above to as much as half a mile. 
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